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Abstract 
The thesis entails an investigation of bioinfonnatics work perfonned by bench scientists 
through a variety of infonnation-based experimental activities and constant interaction with 
domain-rich infonnation space, also known as the Bioinfonnatics Infonnation Space (BIS). 
Ten research students from the Faculty of Pure Science at the University of Sheffield were 
initially interviewed for this purpose. In-depth interviews were then conducted with four 
students from Molecular Microbiology Research Group from the same faculty. 
Those interviews resulted in the production of two bioinfonnatics work models, the first of 
which is the Abstraction Hierarchy (AB). This model represents the bioinfonnatics work 
domain within a situation-independent state. It is could be regarded as a functional inventory 
map that provides infonnation on the basic functional features of the work domain. Further 
enquiry into the work domain was conducted in a situation-dependent state through the 
application of Beer's Viable System Model (VSM). The second model, the Process Recursion 
Model (PRM), conceptualises bioinfonnatics work situations by means of multiple and 
recursive structure. Viability diagnosis at each multi-level was perfonned by considering the 
design and planning of a variety of experimental procedures for the Functional Analysis of 
Gene Sequence Process (FAoGS), as well as the implementation of those procedures within 
the context of infonnation behaviour activities. 
The thesis suggests that the allocation of resources to support bioinfonnatics work was made 
based on the needs of individual work situations. The bench scientists were incapable of 
predicting future problematic work situations. Diagnosis to the bioinfonnatics work for 
F AoGS also exposed the lack of functioning cohesive and adaptive mechanisms. However, 
the PRM serves as a value-added tool and provides a novel way in representing the 
complexity of bioinfonnatics work as a multiple recursion model. This provides high-level 
representation of infonnation flow from one work situation to another. The model could be 
decomposed further to assist system analysts in integrating infonnation-based activities, thus 
revealing further solutions to providing effective infonnation delivery during bioinfonnatics 
work. This would ensure that bench scientists employ the right infonnation for the right tasks 
at the right time in order to achieve the ultimate purpose in experimentation, which is to 
determine the putative function of target genes. 
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Chapter One Introduction 
Chapter One 
Introduction 
1. 1. Background ofthe Research Study 
This thesis will provide a systems-based perspective on work domain analysis and 
approaches to information behaviour as applied to the Functional Analysis of A Gene 
Sequence (F AoGS) process. The study uses as its test-bed the Department of Molecular 
Biology and Biotechnology at the University of Sheffield. In particular, the information 
space required by researchers in Molecular Microbiology is explored. By doing so, the 
informatics that defines the information space and the use of bioinformatics' applications 
comes t~gether in the form of 'bioinformatics analysis'. 
Bioinformatics is regarded as the application of informatics technology in the biological 
research domain (Kanehisa 2001). It facilitates the organisation and management of the 
massive amounts of biological data initially produced by a research project known as 
sequencing processes. The rapid development of informatic technologies in databases, 
knowledge bases and intemet web sites could be attributed to the crucial role they play in 
supporting the continuous and ever-increasing growth of biological information. One of 
the main causes for this increase is the technological advances made by scientists in gene 
sequencing. From technology-driven research methods, scientific experimental work has 
now become more information-driven in its approach. Ideally, this information-driven 
paradigm requires the assembly, coordination and chaining of bioinformatics and 
computational resources within the bench scientists' working environment. Such 
activities are necessary in assisting bench scientists to achieve useful purposes and goals 
when undertaking bioinformatics analysis (Stevens et al. 2003). 
The concept of information space stems from the idea that the contemporary information 
management approach suggests a holistic paradigm in managing information. A holistic 
approach suggests that managing information should not only focus and emphasise the 
Chapter One Introduction 
mere use of available technologies but it needs to take into account' how people create, 
distn'bute, understand and use information' (Davenport \997). In the context of the 
current study, information space contains not only entities involved in the creation, 
distribution and use of information, but it also takes into account the information-rich 
environment that these entities are facing. Together they could form a Bioinformatics 
Information Space (BIS), which is the main interest of this study. 
The focus is to investigate the interactions of bench scientists with their relevant 
information space. In particular, this concerns the analysis of work situations where the 
bench scientists utilise information in support of the F AoGS process. In the process, 
scientists often apply a range of experimental procedures that forms the crux of the 
bioinformatics analytical method. Such a method is crucial in handling information-
driven experimental work within the framework of solving scientific problems (Toldo 
and Rippmann 2005). Information-driven experimental work, known as bioinformatics 
analysis, is a relatively recent development in laboratory work and is considered as 
supplementary to the traditional scientific experimental methods (Goble 2001). The latter 
normally involves the interpretation of experimental results that are tested within various 
types of '~et' laboratory conditions. On the other hand, bioinformatics analysis utilises 
various types of biological data and computer-based analytical tools. These data and tools 
come from resources that are available within the information space of bench scientists. 
Integrating bioinformatics analysis with traditional methods of experimental work 
reflects a significant change in the working environment of bench scientists. Such a 
change indicates the increasing potential for scientists to draw on extremely rich data 
available from publicly available molecular databases, such as those involving sequence 
databases, and subsequently manipulate them through various computer-based analytical 
tools available from the web. However, information gathering in the F AoGS process is 
not a straightforward task. This process involves the search and accumulation of various 
types of biological data. These data are crucial for generating and testing hypotheses in 
the FAoGS process, which often comprises the analysis of a genome, gene, protein, 
motif, domain and signal peptide sequences. Furthermore, these data sequences are not 
2 
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stored within a centralised database. Instead, they are interspersed in different types of 
databases found via Web resources. These Web-based resources provide biological 
databases and analytical tools within the biological infonnation space (BIS) and are 
known as bioinformatics resources. 
F AoGS is a key process that supports bench scientists in making functional predictions 
for gene sequences. Predicting the function of a target gene sequence may contribute to 
the development of new antibiotics for treating diseases such as septicaemia or blood 
poisoning. In the F AoGS process, a bench scientist who is interested in developing a new 
antibiotic against a specific oacteria type would have to first establish the nature of the 
gene that is responsible for the behaviour of the particular bacteria of interest. The gene 
could then be targeted for testing by the intended new vaccine. In this process, bench 
scientists would have to conduct a myriad of multiple and interrelated infonnation-based 
activities. 
The current study holds the prospect of recommending provisions for effective 
infonnation services in very complex infonnation-gathering environments such as those 
exhibited in bench scientists' activities. To cope with such a challenge, the first phase of 
the research work in the study deals with the bioinfonnatics work domain found in two 
different states: the situation-independent state and situation-dependent state. Analysing 
the work domain in the situation-independent state involves examining the work domain 
at five levels' of abstraction: analysing functional purpose, abstract functions, general 
functions, physical functions and resources. On the other hand, analysis of the work 
domain in the situation-dependent state concentrates primarily on the realm of the work 
situation, work dimension, infonnation traits and infonnation use in the FAoGS 
framework. 
The results obtained from the analysis of the situation-independent state using Work 
Domain Analysis (WDA) will serve as crucial inputs for the following situation-
dependent state of analytical work, which envisages the adoption of the Viable System 
Model (VSM). The purpose for adopting VSM here is to analyse the bioinfonnatics 
3 
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activities of the F AoGS process in the context of information behaviour (information 
need-seeking-use) of the bench scientists at multi-recursive levels of work and situation. 
Crucially, VSM provides a checklist for determining the viability of bioinformatics 
analysis activities during the FAoGS process against the VSM's five prescribed 
functions: operations, coordination, control, planning and policy (Beer 1979). 
1.2 Background to the Problem and Problem Statement 
In the F AoGS process, two major issues arise in relation to the information-gathering 
environment. These concern the interoperability of the information resources and 
information overload. 
1.2.1 Interoperability 
Interoperability has become an important issue in information analysis. This is especially 
true for biological data, which has rapidly become more diversified and heterogeneous. 
Sequence data are kept in different databases with varying formats, structures and 
contents. Most biological databases are designed in an unstructured way, these being 
either free-text or flat file formats (Achard et a!. 2001). These databases are not only 
different from each other in terms of structure but also the platforms where relevant 
biological data reside are inherently distributed and heterogeneous. Chapter Three 
provides details on the historical background of molecular database development. 
Bench scientists face immense difficulties when gathering information in the FAoGS 
process. In particular, they have to work with a huge variety of data formats, structures 
and contents of biological information resources. Once bench scientists select relevant 
information resources for the process, they face the task of taking a type of data and 
passing the data from one resource to another. Confronting a myriad of information 
resource interfaces, bench scientists would then have to convert the output of one 
information resource to be compatible as an input for ensuing information resources. The 
4 
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problems of inconsistency and the non-standardised nature of biological data and its 
platforms affect bench scientists' work and information-delivery performance throughout 
their period in undertaking experimental work. Chapter Four elaborates in depth the 
complexities and issues within the information-driven approach of conducting this 
specific process. 
Interoperability issues emanating from bench scientists' information environment 
introduce syntactic and semantic problems to the information-gathering process. The 
notion of 'syntax' is related to form, formalism and structures in the information, whereas 
'semantics' concerns the content and meaning within information systems (Hjorland 
1997). 
1.2.2 Information Overload 
Information overload issues exist due to the need to store maSSIve amounts of 
information in the vast numbers of resources available within the bench scientists' 
information space. In particular, these scientists would have to deal with numerous 
bioinformatics resources, computational tools and biological information during 
experimental work. Bench scientists face the strong possibility of information overload as 
, 
they become overwhelmed by information and experience difficulties in choosing and 
selecting the right information from the right resources for the right tasks. 
Furthermore, the process of information-gathering in bioinformatics analysis requires 
significant human interventions to accomplish scientific goals and purposes. Efforts are 
required in the selection and allocation of relevant resources to the current experimental 
procedures. Several efforts have been made to deal with the issue of interoperability of 
biological data formats and platforms. For example, online databases could be developed 
and packaged in a well-defined interface to enable bench scientists acquire, integrate and 
use biological information from BIS (Siepel et al. 200Ia). Early attempts at using such an 
approach are the GeneX (Mangalam et al. 2001) and ISYS (Siepel et al. 2001b) projects. 
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However, the focus of this approach is towards object-based components for packaging 
information resources and tools. 
More recent efforts such as BioMoby (Wilkinson and Links 2002), Discovery Net (Rowe 
et al. 2003) and myGRID (Steven et al. 2003) emerged to minimise information 
overloading issues in BlS. In these studies, the intention was to provide bench scientists 
with information resources that are linked to the related workflow in order to accomplish 
useful goals in experimental work. In contrast to the object-based method, the 
corresponding information and workflow approach is more disposed towards providing 
services based on domain experts' behaviours when utilising bioinformatics resources. 
According to Rowe et al. (2003), this type of approach is not only able to solve the 
interoperability issue but also minimises information overload. Unfortunately, in all of 
those studies mentioned, investigations into how domain experts use information are 
unclear. 
1.2.3 Technological Solutions 
Most current studies focus on the technological aspects of managing biological 
information that can be found in various bioinformatics resources. Chapters three and 
four briefly describe some examples of previous studies that have concentrated on the 
technological developments in bioinformatics information management. Some of these 
suggested the use of extended ICT, like Web Services (Chelsom, et al. 2002) and 
Semantic Web (Goble 2003), as an important step toward solving problems in the process 
of information management. Such technologies have 'intelligent capabilities' that are 
potentially crucial for the establishment of more effective information services. Studies 
by Chelsom et al. (2002) and Goble (2003) are more predisposed to describing the 
complexities of the Bioinformatics Information System (BIS) and the utilisation of 
technology in order to overcome problematic situations encountered in the system. 
However, technology alone does not necessarily provide a strategic improvement to the 
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flow and filtering of infonnation, which is crucial for the systemic and systematic 
execution of biological research within the infonnation-driven paradigm. 
Therefore, managing biological information that supports bioinfonnatics analysis should 
shift away from the traditional paradigm of infonnation management that often puts too 
much emphasise on the use of available technologies (Choo et a!. 2000). For infonnation-
rich environments such as the BIS, such a paradigm would be deemed unsuitable. 
Davenport (1997) suggested that a more holistic approach is required, one that moves 
away from the traditional paradigm of infonnation management. Such an approach 
should focus on 'how people create, distribute, understand and use information" rather 
than the use of available technologies (Davenport 1997). The current research holds this 
view. In particular, the focus here is on information use. According to Choo et a!. (2000), 
the situation in which infonnation is used could potentially be detennined by the extent to 
which researchers' work routines structure infonnation-based tasks. Therefore, 
investigating the infonnation use environment would enable infonnation processing 
within different tasks in a particular work situation to be better understood. Each standard 
operational procedure could give different types of rules which could provide infonnation 
on how information is routed and filtered and the flow of information (Detlor 2003). 
Claverie et a!. (200 I) argued that the process of selecting the best bioinformatics or 
computational approaches for analytical work depends on domain experts' knowledge 
and any decisions that they make. This is necessary to ensure that domain experts obtain 
reliable and significant results from their experiments. Stevens et a!. (2000) added that 
biological researchers, such as bench scientists, would need to utilise their knowledge in 
communicating more effectively with various information resources, especially in tenns 
of defining and constraining data within a particular resource. These researchers need to 
ensure that infonnation found within a particular resource is compatible and reliable for 
application in subsequent analytical procedures. However, studies by Claverie et a!. 
(2001) and Stevens et a!. (2000) did not elaborate on how researchers like bench 
scientists would use their knowledge and experience to select, choose and process 
information from specific resources. 
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Earlier studies paid little attention to how domain experts manage and utilise the 
information elicited from bioinformatics resources. Most of these studies focus on the use 
of technology for managing information from bioinformatics resources in providing 
effective information services to the bench scientist. This is also a matter that motivates 
the current study. It is NOT the aim of the study to develop a new information services 
infrastructure to support bioinformatics analysis work. Instead, it is an effort to 
comprehend the nature of information use in complex, information-driven, experimental 
work situations and to investigate how this might contribute towards inspecting 
information flows between heterogeneous information resources and highly diversified 
data. In retrospect, the study will propose recommendations for effective information 
management within the organisation of the F AoGS process in supporting information 
services for the bench scientists undertaking bioinformatics analysis work. 
1.3 Aims and Obj ectives 
The aims of the current study are: 
Aim 1: 
Aim 2: 
Aim 3: 
To adopt work domain analysis and information behaviour approaches for 
examining existing information-driven experimental work for the FAoGS 
process. 
To adopt relevant, system-based approaches for analysing information-
driven experimental work as an organisation and to discover inter-
relationships between predetermined entities within the systems of interest 
and their environments. 
To propose a recursive system model that establishes the nature of bench 
scientists' work structure and information flows during the F AoGS 
process. 
8 
Chapter One Introduction 
To achieve the above aims, the following objectives need to be undertaken. : 
Objective 1: To conduct literature reviews of previous studies, which provide state-of-
the-art information relating to background problems and solutions that are 
useful for this research (Aim I, Aim 2 and Aim 3). 
Objective 2: To find appropriate methods and techniques for investigating current 
information-driven experimental work for FAoGS process (Aim I, Aim 
2). 
Objective 3: To perform data collection from the selected case study for further 
investigation of the current bioinformatics analysis work domain (Aim 1, 
Aim 2). 
Objective 4: To investigate the current work domain of bioinformatics analysis for the 
FAoGS process in a situation-independent state using data collected from 
Objective 3 and methods selected from Objective 2 (Aim 1, Aim 2). 
Objective 5: To represent the findings from Objective 4 and incorporate these findings 
for analysing the situation-dependent state and diagnosing the viability of 
bioinformatics work activities (Aim 2). 
Objective 6: To represent the findings obtained from Objective 5, in order to establish 
the information requirements and flows in the experimental work of 
FAoGS process (Aim 3). 
Objective 7: To compare and contrast the strength and limitations of the proposed 
system model with those from previous studies, in order to suggest future 
recommendations (Aim 3). 
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1.4 Outline of the Thesis 
Chapter 2: The aim of this chapter is to discuss the research design and the methods 
selected for this research study. This chapter includes discussions of primary and 
secondary data collection methods. This chapter briefly explains the concepts and 
methodology chosen for analysing interview data. Justifications for selecting those 
concepts are also available in this chapter. 
Chapter 3: This-chapter discusses the historical perspectives of biotechnologies and 
the development of bioinformatics technologies. The focus here is to provide background' 
information on the evolution of molecular databases and computational tools in the BIS. 
This would provide a useful insight into prevalent issues and problems that exist within 
the BIS and hamper effective work performance when predicting the putative function of 
a gene sequence. 
Chapter 4: This chapter provides a review of the current issues when undertaking 
bioinformatics analysis work within BIS. Subsequently, it forms the basis for formulating 
a theoretical framework for the current study. 
Chapter 5: The aim of this chapter is to describe the case study selected for this 
current research work. It discusses the management of interview analysis, the results from 
the first interview sessions together with the in-depth interview and validation stage. The 
process of designing interview questions for primary data collection is discussed in this 
chapter. The results from the first phase of the interview session are reported as providing 
preliminary overviews ofbioinformatics work. 
Chapter 6: The aim of this chapter is to represent the findings from the use of Work 
Domain Analysis to analyse bioinformatics analysis work. This chapter discusses the 
steps taken to obtain a general representation of the bioinformatics analysis work domain 
in both situation-independent and situation-dependent states. The first part of this chapter 
represents the results and interpretations in the situation-independent state in the form of 
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an abstraction hierarchy. The other section of this chapter represents the results in 
situation-dependent states in the form of tables. 
Chapter 7: The aim of this chapter is to represent the results of viability diagnosis 
using a systems-based approach within the FAoGS process. The results of viability 
diagnosis are summarised in two forms. First, a graphical diagram is used to represent the 
systemic model of the bioinformatics analysis work situations and the basic process 
structure of each recursive level. Secondly, tables are used to represent the results of 
diagnosis against the five prescribed VSM functions. 
Chapter 8: The aim of this chapter is to integrate the results obtained from the data 
analysis (i.e. Chapters Six and Seven) and to discuss them in a wider context. The focus 
of the discussion in this chapter is the value added by those findings to the solutions 
recommended for designing effective information management in providing information 
services for FAoGS. The discussions include how far the aims and objectives of this 
research study have been achieved. 
Chapter 9: The aim of this chapter is to provide the conclusions from this research study 
and to provide recommendations for any future work. Conclusions will be drawn on the 
extent to which the results and the interpretations from this study can help to improve the 
current situation and the impact of its limitations for the area of study. 
The thesis outline can be seen in diagrammatic form in Figure I-I overleaf. 
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Chapter Two 
Research Methods 
2.1 Introduction 
Research Methods 
This chapter discusses the concepts and methods employed in the current study in order 
to achieve the aims and objectives as stated in Chapter One. It includes the research 
design and strategy and the concepts and instruments used for data collection and 
analysis. It is important at this stage to develop a convenient research design and strategy, 
and to select appropriate concepts for data collection, data management and data analysis. 
An appropriate research design and strategy assists researchers in conducting their study. 
As guidelines, the research design and strategy should ensure that the research work is 
within the scope of the study and appropriate to the time frame available for completion. 
Data collection and data analysis methods adopted for this current study are described in 
this chapter. Explanations of these methods are important, since they become the 
evidence for the building up of the proposed models discussed in later chapters. 
2.2 Research Design 
This section describes the steps taken in conducting this research. 
2.2.1 Background and Research Problem Identification 
The background and research problem identification are done through literature reviews 
in the first instance. The objective of conducting literature reviews was to broaden the 
understanding of the current issues surrounding bioinformatics work for Functional 
Analysis of Gene Sequence (FAoGS) process. By doing so, the critical and crucial 
p~oblems which exist within the biological information space (BIS) and their effect on 
the bioinformatics analytical work can be appropriately defined. Substantial critical 
literature reviews were conducted in order to evaluate current approaches and concepts 
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that might be suitable for tackling the issues identified. Such literature reviews also 
provide direction towards developing problem statements and allowing the necessary 
focus on issues that may need to be addressed in this study. As such, possible solutions 
could be drawn out for future improvement to the current problem situations by adopting 
appropriate approaches and concepts found from the literature reviews. 
2.2.2 Research Strategy - Case Study approach 
The case study approach, which is considered by Alhalalat (2005), to be a scientific 
strategy and as a qualitative approach by (Creswell 2003), was chosen as the strategy for 
investigating the research problem. Before deciding and selecting the appropriate 
strategy, the suitability of other strategies is compared and evaluated. The reason was to 
ensure that the research strategy selected and adopted was appropriate for understanding 
the current problems and conducting the data collection and analysis. 
According to (Alhalalat 2005), there are two main strategies in research methods, which 
are Scientific and Interpretivist. Table 2-1 illustrates some examples of research 
approaches which have been categorised as scientific and interpretivist by (Alhalalat 
2005). 
Table 2-1: Scientific and interpretivist research approach (Alhalalat 2005). 
Scientific strategies Interpretivist strategies 
Laboratory experiments, surveys, case Action research, subjective and 
study, grounded theory and simulation argumentative. 
(game/role playing). 
On the other hand, (Creswell 2003) suggests two strategies to understand research 
problems. They are the quantitative and qualitative approach. Table 2-2 illustrates 
experiments and survey as the quantitative approach, meanwhile the case study is 
considered as a qualitative approach. 
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Table 2-2: Quantitative and qualitative approach (Creswe1l2003). 
Quantitative approach Qualitative approach 
Experiments and surveys Ethnographies, grounded theory, case 
studies and phenomenological research. 
The following section explains the case study approach and the justification for adopting 
it for the current study. 
Case study approach 
The use of the case study approach is considered as a systematic approach which is 
suitable if a researcher intends to examine in. depth a case or cases, which are bounded 
by time, an activity, a process or an event (Zucker 2001). It is useful for investigating 
undocumented processes or events, and help a researcher to capture the elements that 
support the functioning of an organisation (Bryman 1989). As such, this approach 
requires dealing with the organisation in order to facilitate a direct investigation. In this 
manner, the aim of the case study approach is not for making any generalisations 
concerning the identified elements. Rather, as argued by (Gordon and Langmaid 1988), it 
is best used in studies that require a deeper understanding of how things work rather than 
testing the relationships between those identified elements. This approach is also 
considered suitable for investigating a small number of target samples or cases (AI-
Zahrani 200 I). 
Justifications for choosing the case study approach 
The reasons for adopting the case study approach in this work were: -
• The aim of this study is to investigate information-driven activities during 
bioinforrnatics analysis work. Investigation was carried out in the context of 
bench scientists' use of information for the FAoGS process. Data required for this 
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investigation focus on the activities of the bench scientists during various work 
situations in the FAoGS. 
• The FAoGS process is treated as the organisation. In this type of organisation, 
there exists a variety of experimental work procedures undertaken by individual 
bench scientists in the above-mentioned process. Using a case study approach 
may help in capturing those activities on an in-depth scale. 
• The· intention of this study is not to make generalisations about the various 
activities of bioinformatic work procedures by the bench scientists. Only a small. 
target sample was used in the current study. The study is more interested in 
inspecting the value of inter-relationships between those activities rather than 
making generalisations about those relationships. 
2.2.3 Data Collection Strategies and Methods 
Data collection is the step taken after the decision on which is the best strategy to tackle 
the research problems has been made. There are two types of data collection strategies 
adopted to support this study. They are primary and secondary data collection. 
Primary data collection: Primary Data were collected using the face-to-face or one-to-
one in-person interviewing technique. In order to collect primary data, participants from 
the organisation selected for this study were contacted through email. Appendices A and 
B show examples of the formal letter that was sent out to the participants through email. 
Issues such as the confidentiality of the participant details and information obtained from 
the participants during the interview sessions were emphasized. There are several types 
of interviewing techniques for this method of data collection. Chapter Five discusses in 
detail different types of interviewing techniques and the one chosen for this current study. 
Justifications for choosing the interview technique are also provided. 
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Secondary data collection: Throughout this study, literature reviews formed the basis 
for the secondary data collection method. Secondary data act as supporting data for the 
primary data and add an extra dimension to the findings obtained from the primary data 
collection phase. 
2.2.4. Development of Theoretical and Conceptual Framework 
Another purpose for conducting critical literature reviews is to develop a theoretical and 
conceptual framework for this study. This consists of the concepts and approaches which 
are found to be relevant in assisting the investigation of the inter-relationships within the 
F AoGS process. 
Before choosing and adopting any suitable concepts for data analysis, interactions 
between bench scientists and their information space were designed and represented in 
the form of a diagram. Figure 2-1 illustrates the conceptual framework designed for the 
study by adapting cybernetics concepts. Bench scientists perform bioinformatics work to 
determine the putative function of the target gene sequence. To perform the prediction, 
bench scientists use a variety of bioinformatics resources to search for sequence 
information. In order to satisfy the bench scientists' information need, the actual work 
output requested by the bench scientists during their experimental work must be equal to 
their desired work output. To measure the work performance of bioinformatics work, it is 
necessary to ensure that this condition is achieved. 
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Figu re 2- 1. Overview of conceptual framework 
Cybernetics Concepts 
Cybernet ics is considered su itab le and u eful in dealing with the complexities of any kind 
of system. A system is anything that contains many parts wh ich are connected together 
(von Bertalanffy 1969). A system is considered complex when interconnectivi ty and 
interrelat ionships between parts or elements within the system are diffi cult to unravel. 
In teractions between many parts wh ich are autonomous becomes a major source of 
complex ities (Bossomaier and Green 2000). Interact ions between these elements and 
their environment suggest that communication exists. These interactions also exhibit the 
behaviour of the system or what a system does rather than focusing on what the things 
with in the systems are. Th is phenomenon reflects that complex systems do not only 
contain interactions and communications between parts but also demonstrate behaviours 
which are dynam ic, evolvi ng and adaptive. 
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Cybernetics offers a way of investigating a system where complexity is outstanding in a 
scientific manner. It is considered as 
"... the science of control and communication, with special reference to self-
controlling or adaptive systems." (George 1971, p.5) 
The above descriptions of cybernetics are similar to the descriptions given by Ashby. 
According to Ashby (1964), the central themes of cybernetics are control, coordination 
and regulation between elements within systems and their environment. The importance 
of obeying these principles is to ensure a stable system (Pask, 1961). It is down to the 
control mechanisms within the system to provide some feedback to the system. Feedback 
is the most fundamental principle of control and in cybernetics control is an attribute of a 
system (Beer 1965). This attribute is known as the connectivity between the many parts 
within a system. A controller is also known as: 
" ... a natural or constructed assembly which interacts with its environment to bring 
about a particular stability called the 'goal' or 'objective'." (Pask 1961, p.49) 
Within a system, there should be a subsystem acting as a controller so that stability can 
be achieved. A system is considered unstable where there are any disturbances. The 
Ashby Cybernetics Model (1964) focuses on the homeostasis and equilibrium of a 
system. A system is perceived as containing a variety of interrelationships that undergo a 
simple oscillation. To maintain stability, it requires negative feedback of information in 
the controlling systems, which channels the output back to modify input (George 1971). 
Figure 2-2 illustrates this negative feedback system. 
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Figure 2-2: Cybe rneti cs diagram with negati ve feedback 
As mentioned earl ier, the goals and objectives of certa in behav iours in a system 
determine whether a system is in a stable state or otherwise. A ll the feedback 
mechani sms need to achieve the objectives to stabili se complex systems. However, th is is 
not a strai ghtforward task for th e feedback mechani sms. Accord ing to Pask ( 196 1) . 
.. ... as often happens, a goal is sough! by several interacting mechanisms, or 
several goals appear to be sought by one ... " 
To deal w ith Ihi s situat ion, two other princip les of cybernet ics are black box and requisite 
variety (A shby 1964). The conce pl of blac k box explai ns a system which operates 
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without its internal mechanism being visible. It is only the input and output that goes in 
and out of the identified functions that are noticeable and may be used in determining the 
feedback mechanisms of the functions. 
The other principle of cybernetics refers to the concept of variety and requisite variety. 
Variety refers to the processes of communication between system and system together 
with a measure of the complexity of the system (Beer 1965; Beer 1979). In cybernetics, 
variety is a measure of the range of possible states of the system at any point in time. 
Requisite variety on the other hand, is the concept that is used in dealing with regulation 
and control. This concept is particularly useful in a highly dynamic situation and in the 
situation where the managers need to deal with uncertain and unpredictable situations 
(Beer 1965). The Law of Requisite Variety was introduced by Ashby (1964) and focuses 
on performance measurement as part of the regulation process. The Law of Requisite 
Variety states that 
Only variety destroys variety (Ashby 1973, p.207) 
Espejo (2003) elaborates Ashby's Law of Requisite Variety by stating that: 
.. ... a "controller" has requisite variety - that is has the capacity to 
maintain the outcomes of a situation within a target set of desirable 
states - if and only if it has. the capacity to produce responses to all 
those disturbances that are likely to take the outcomes out of the 
target set." 
This also means that the controller must be able to deal with situational variety by 
responding to it equally. In the context of a viable system such as the FAoGS process, the 
viable system interacts and evolves with a range of agents producing its environment. 
Examples of such agents are bench scientists who perform information-driven activities; 
massive types of databases, which store diverse types of biological data, as well as a 
variety of types of computational tools and algorithms. A viable system like F AoGS, 
which is run and managed by the bench scientists, deals with its environment, which is 
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largely beyond the control of the bench scientists within the viable systems. It is 
impossible for them to know every single point of the world within which they are 
currently operating. Also, as managers of the FAoGS process, it is impossible for bench 
scientists to know every single aspect of the viable system that they manage. 
However, in the context of maintaining the viability of a system within its environment, 
and at the same time for the management to continually guide and direct the organisation, 
it is important for the system to obey Ashby's Law of Requisite Variety. This law is 
appropriate for managing the complexity of a system and suggests that the variety of 
responses displayed by the organisation should at least equal that emerging from its 
environment. Also, the variety of responses of management should at least equal that of 
the organisation (Espejo 2003). 
Figure 2-3 illustrates the hypothesised viable system for FAoGS. The viable system 
consists of ' the bench scientists who manage the various scientific information-driven 
activities and resources within the bioinformatics information space. 
22 
Chapter Two 
Adapted from Espejo (2003) 
Environment 
(Bioinformatics 
Information Space) 
Figure 2-3: Viable System for FAoGS 
Research Methods 
Figure 2-4 illustrates the management of complexity in terms of managing the variety. 
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Figure 2-4: Managing Complexi ty in Viable System 
From the above diagram, the variety of the environment IS larger than that of the 
organ isation and unpredictable. The variety of the organisation in turn is larger than that 
of management. This shows that vari eties could not be equa l. To cope with the much 
larger vari ety at the opposite sites, both the organisation and the management need to 
develop some appropriate strategies. These strategies should allow organi sat ions to 
maintain the viab ility of their environments and for the management to have the 
capability to direct and respond to conti nua lly unexpected situations. It is also essential 
for all owing managers to respond and adapt to any changes in the system environment. 
Justification for choosing the concepts 
The reasons for choosi ng cyberneti cs are: 
I. Bioinfonnatics analytical work for FAoGS is a complex process. As a concept that has 
the capability for in vesti gating complex systems, adapting cybernetics is considered 
useful in in vesti gating the process under stud y. 
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2. Part of the objective of the current study is to investigate interactions between the 
bench scientists and their infonnation in the context of infonnation use. The use of 
cybernetics concepts perceives these situations of interactions in tenns of system 
behaviour rather than as a static object. An approach that deals with system behaviour is 
considered suitable for representing dynamic and adaptive bioinfonnatics work 
situations. 
3. Bioinfonnatics analytical work for FAoGS contains a variety of experimental 
procedures, which requires infonnation from bioinfonnatics resources to support bench 
scientists' answers to some analytical enquiries. The concept of variety in cybernetics 
helps in providing mechanisms for identifying actions in coordinating and regulating 
those varieties found in bioinfonnatics work. 
2.2.5 Data Analysis Methods 
The units for perfonning the data analysis were introduced within the conceptual 
framework as shown in Figure 2-5. Several concepts and approaches, which had been 
reviewed and evaluated during the literature review phase, were adapted to each of the 
units. The selection of concepts for analysing each of the units was made on the basis of 
their strengths. 
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Figure 2-5: Units o f data analys is 
Bas ica ll y, in Figure 2-5, there are three units of analys is identified in the conceptual 
framework. Data analysis was undertaken in two phases according to the category of the 
bioinformatics wo rk . These catego ries were: I) Situation-independent and 2) Situati on-
dependent. 
Situation-independent state: In thi s state, understandi ng of bioinformat ics work does 
not take into considerati on detail s about the processes or tasks. The ai m is merely to 
provide an understanding of the bas ic features of the wo rk domain . 
Situa tion-dependent state: Understanding bioi nformati cs work in thi s kind o f state, 
does take into consideration the details of the processes or tasks. The ai m is to provide an 
understanding o f the current work s ituations of the bench scienti sts. 
2.3 Concep ts for Data Analysis Methods a nd Justifications 
Each of the units of data analys is in Figure 2-5 was assigned with suitab le concepts for 
data analys is. The concepts se lected for each of the units are summarised be low. 
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2.3.1 Work Domain Analysis (WDA) 
This is the concept adapted for analysing unit I. WDA is a concept that could be adopted 
to analyse any work domain of interest. This concept is particularly useful in obtaining 
background knowledge relating to the work domain. According to Burns et al. (2005), a 
work domain model derived from this type of analysis should be as broad as possible 
since the objective of WDA is to provide a rich description of a real world situation. It is 
therefore useful for analysts who have limited knowledge of the work domain. 
Rasmussen et al. (1994) describe WDA as a method that is capable of representing a 
work domain and is particularly useful for system design and analysis. Its representation 
could provide analysts with a functional structure and general inventory of the elements 
identified within a work system. The general inventory of the work domain elements is 
described in terms of physical processes, forms and resources within the work domain, 
with the addition of the objectives and functions. Therefore, the adaptation of WDA is 
not focusing on representing the actual coupling and functioning of the work system in 
any particular work situation. It is a representation of work in· a situation-independent 
state. 
As such, the products of WDA are considered as being event-independent (Rasmussen et 
al. 1994). With this characteristic, system analysts could design interfaces and 
communication structures that help workers behave flexibly during unanticipated events 
(Elliott et al. 2000). According to Kim (2002), communication structures could be 
represented using an enterprise model. This model is described by Fox and Gruninger 
(1998) as 
"a computational representation of the structure. activities. processes. 
information. resources. people. behaviour. goals and constraints of a business. 
government. or other enterprise." 
Traditionally designed interfaces require rich and detailed information about the physical 
forms and processes, but they possess little information about the functions and purposes 
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(Sanderson et al. 2003). As such, WDA could be regarded as the tool that not onl y 
collects information related 10 the physica l process of the work domain , but one that a lso 
gathers functional and purposive in form at ion. The form at for representing a work domain 
is in the form of an Abstraction Hierarchy (AH). Th is type of hi erarchy, which employs 
five leve ls of abstraction, shows the link between the purposes of the work domain at the 
hi gher leve l and the phys ical components or resources at the lower level. 
Figu re 2-6 An examp le of Abstraction Hierarchy. 
Forward 
Dynamics 
Adapted from Vu el al. (2002) 
Functional Purpose 
Abstract Functions 
General Functions 
Physical Functions 
Resources 
In verse 
Dyn:l mics 
Figure 2-6: Five levels of Abstraction Hierarch y 
Moving from top 10 bottom and vice versa across the AH adds a directional perspective 
in terms of the fo ll owing relati onships: 
In verse dy namics: This suggests that the AH is observed in a top to bottom 
manner. Fundamenta ll y, it provides knowledge perta ining to the functional pu rpose or 
objectives of any experimental work that bench scienti sts perform. This would lead to 
in fere nces on the poss ible use of data obtained from web sites by bench sc ienti sts. 
Forward dynamics: Through this view, the AH model is examined in a bottom to 
top manner. By this, bench sc ient ists may act on a vari ety of components in any 
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particul ar situati on in order to achieve the functional purpose of the work they are 
undertaking. 
According to Elliotl et al. (2000), the AH shows why a system ex ists, the elements of the 
environment that need to be preserved and the general functi ons which can be acted upon 
in order to achieve the domain purpose. The connections between all these elements are 
known as a structural means-end relationship . The advantage of obtaining thi s type of 
relationship is to make complex relationships in the work environment more visible using 
how and why relationships (Rasmussen et al. 1994). 
2.3.2 Justifications for Choosing WDA 
The reasons for choos ing WDA are: 
I. It is believed to be capable of showing fundamental ptinciples of the work operati ons 
(Sanderson et a l. 2003) in terms of the func tional structure and elements with in the work 
domain. As such, it is useful for an analyst, who has li mited knowledge or experience of 
the CUtTent domain of stud y, to adopt WDA. The analyst could also get a preliminary 
picture of the work domain using the WDA concept. 
2. It is helpful in representing a complete description (in tetms of functional purposes, 
abstract functions, general functi ons, physical processes and resources) of the work 
domain of interest (Miller 2004). With a complete description, it is useful to 
countercheck thi s description with the findings obtained in the next phase of analyses, 
which take situational elements into consideration. 
3. It represents the work domain in a structuJ'a l means-end abstraction hierarchy to 
represent the work domain of interest. Thi s would make it easier for the analyst to 
understand the complex inter-relationships within the hi erarchy, as it is now represented , 
in tenn s of 'how' and 'why' relationships. 
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2.3.3 Integrated Information Behaviour Model (IIBM) 
The pivota l aspect of the concept of llBM, which was introduced by Detlor in 2003, is on 
the infonnation use envirorunenl. It focuses on general information use at an individual 
level together with the work setting. In information use environment, the use of intemet-
based information systems is regarded as providing information for resolving individual 
problem situations. Thi s phenomenon is similar to the work situation of the bench 
scientists. In general, bioinf0Il11ati cs analysis work involves the use of infonnation from 
bioinfonnatics resources to solve scientific problems. Ideally in this kind of situat ion, 
bench scientists need to have easy access to the infonnation they need and to be ab le to 
use thi s infonnation for their problem solving. 
In the context of this study, the work setting of bench sc ientists compnses the 
bioinfonnatics ' rout ine procedures for their scientific anal yt ical work. Those routine 
procedures are considered as critical components which influence the infonnation need-
seeking-use of the workers (Detlor 2003). This concept uses four variables to investigate 
the infonnation behaviour of bench scienti sts undertaking bioinfonnatic ana lys is 
activi ti es within each procedure. These variables are problem situations, dimensions, 
infotl11ation traits and inf0Il11ation use. In the context of investigating the infonnation 
behaviou r during the FAoGS process, the problems, situations and dimensions are 
refen'ed to as the work situat ions and dimensions. 
The model shows that there are two matn entiti es with in the information use 
envirorun enl. These entities are the users and the Intemet-based In fonna tion System 
(IbiS). According to Detlor (2003), there are several stages in IlBM. Figure 2-7 illustrates 
the infot1l1ation use environment and the tluee stages of information behaviour acti viti es. 
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INFORMATION USE E VIRONMENT 
CD I"formation Needs 
• Problem Situation 
Source: Detlor (2003) 
CD IlIformatioll 
Seeking 
• In fo rmation Traits 
• 
• 
Q) Information Use 
INTERNET-
BASED 
'FORMATION 
SYSTEM 
• Classes of Information Use 
Figure 2-7: Integrated Information Behaviour Model 
Stages in IIBM - IIBM proposes three stages in the study of in fo rmation behaviour 
activities, which focus on two main entities, as mentioned above. 
First stage - information need : Thi is the stage where users face discrete problem 
situations with in their individual work setting. Each problem situation possesses speci fi c 
characteri sti cs described as problem dimensions. By comprehendi ng situations in terms 
of problem dimension, users would be able to estab li sh the nature and types of 
information that they could elicit in order to so lve current problems (Detlor 2003). When 
conducting bioin formati cs analysis, the bench scientists are in the situation where they 
need to search for biological in formation from a host of heterogeneous bioinfo rmatics 
resources. The information obtained not onl y supports bench sc ienti sts in their problem 
olving but also assists them in plan ning, designing and directing the subsequent 
experimental procedures. 
Second stage - information seeking. In this stage, users use Internet-based information 
systems to seek relevant informat ion for resolvi ng current problem si tuations. In 
parti cular, they examine the actual in fo rmation output provided by the Internet-based 
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interface by establishing the value of such output against a 'checkli st' o f 'information 
traits'. Detlor (2003) describes infonnation tra its as characteri stics of the info rmation 
delivered to the users. These infonnation characteri stics could be precise, hard or soft, 
current, single or multiple solutioned and diagnostic in asking what o r why . 
The delivery of in fo nnation to the user often relates to the infonnation needs of that 
activity. Infonnation alone has no purpose on its own and must be associated with an 
activi ty (Malmsjo 1997). Therefore, the ro le or objective of an infonnation system is to 
deliver infonnati on related to a pat1icul ar activi ty. It is important to consider the type o f 
infonnation utili sed by the activity in question . C lassification o f the type of info nnation 
used varies according to the users' objectives in their work activity and the information it 
requires. In a cybernetic system, it is essenti a l for users to obtai n an appropriate 
correspondence between actual infonnation output and the infonnati on ori ginall y desired . 
This identifies with the idea that a cybemctic system would always aim for a state of 
equilibrium between infonnation output and desired information. As such, the user 's 
ability in determining the infOlmation traits or characterist ics of the infonnation output 
provided by the Internet-based interface would then be crucia l for a cybemetic system to 
achieve this equilibri um state. 
Malmsjo (J 997) lists several infotlnation types incorporating features that could bring 
stability and equilibrium to cybemetic systems. They are listed as 'directive' and 
feedback ' types respecti vely in Tab le 2-3. The fonner type is an impOt1ant mechani sm in 
controlling system behaviour. The latter type is c ruc ial for dealing with the di sturbances 
or discrepancies that occur within a pal1icular system. The main concel11 o f the current 
study is to identify infonnation traits that could serve as parameters for maintaining the 
state of equilibrium within a particular cybemetic system. In part icular, the directive and 
f eedback infonnation types outl ined by Malmsjo ( 1997) in Table 2-3 appear to ho ld the 
key to addressing such a concern. For bench scientists, the two information types could 
play a c rucial role in ensuring that the actual infOlmation output corresponds to the 
desired infonnation during bioinfotlnat ics ana lysis work . 
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Source: Mat Taib (2006) 
System Five 
(SS) 
System Four 
(S4) 
System Three 
(S3) 
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Unit 1 
MaMpmen' 
Untt3 
Research Methods 
Figu re 2-8: Schemat ic Diagram of the Viable System Model 
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System One (SI): The function of System One is known as Operation or 
Implementation. SI forms parts of the operational systems within the organisation. It 
contains operational as well as the management units, which constantly interact with the 
systems environment. As operational units, SI actually represents the primary activities 
of the whole organisation which represents the 'here and now' status for the system in 
focus. 
The operational units as illustrated in Figure 2-8 implement the work activities locally or 
autonomously within the same recursion level. For instance, the operational unit! 
implements its own activities by interacting with its environment. The same applies to 
operational units 2 and 3. Diagnosing the viability of the work organisation implies that 
the operational units should be able to work autonomously and at the same time 
collectively in order to achieve cohesion. This is the criterion for achieving viability to 
the total organisation of the bioinformatics analysis work. The management units of SI 
on the other hand interact with System Two (S2) and System Three (S3). The purpose of 
the interaction or communication with System Two (S2) is to deal with resource bargain 
activities. Interaction of SI with System Three (S3) is mainly for control and command 
purposes. System Three (S3*) on the other hand, communicates with S I to audit the 
actions of SI. 
System Two (82): The function of System Two is known as Coordination. Basically it 
acts as the regulatory centre which aims at coordinating the primary activities of the 
organisation. As a regulatory 'centre, it acts as the viable system's anti-oscillatory device 
for coordinating the operational units' activities. For individual operational units, while 
implementing their activities, each of them is competing for and utilising common 
resources. While utilising common resources, the operational unit activities may oscillate 
around a set point to optimise provision, The function of S2 is specifically to damp the 
oscillation between the operational units. The function of S2 is crucial since it provides 
mechanisms that are able to allow information-sharing from resources among the 
operational units' activities. 
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System Three: The function of System Three is to act as a Controller. It is responsible 
for controlling the anti-oscillatory functions of System Two. System Two is known to be 
responsible for regulating the internal and immediate functions of the enterprise. In other 
words, it is responsible for 'here and now' or day-to-day management, whereas S3 makes 
decisions about the key day-to-day management of operational unit activities. 
Communicating with the management unit of SI, S3 should become aware of the here 
and now activities within the organisation. 
S3 may also conduct sporadic and high-variety activities for the purpose of reloading its 
own Requisite Variety. In this situation, System Three is known as System Three*. In 
addition to its function as controller and monitor of the functions of System Two, it also 
acts as the mechanism that aims at achieving cohesion between the autonomous units 
(operational units) within the organisation. According to Espejo (2003), cohesion means 
aligning individual and collective interests so that those collective interests could become 
an organisation. 
System Three Star (S3*): As mentioned above, S3* is actually performed by S3 in a 
situation where S3 needs to countercheck the accuracy of any information or work output 
it receives from the SI. S3* provides a one-way communication channel with the 
operational unit at SI. The purpose is to bypass the current function of the management 
unit in the existence of any disturbances to the viable system. 
System Four (S4): The function of System Four is known as Planning. Espejo and Gill 
(l997) refer to this function as Intelligence rather than Planning. The reason for this is 
that the function should have the capabilities to predict the future situation in order to 
allow S5 plan for further strategic decisions. Basically, S4 interacts directly with the 
external environment. According to Beer (1985), S4's function is responsible for 
managing the 'outside-and-then' and to provide self-awareness for the system under 
consideration. 
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As the Intelligence function, S4 should be able to predict the future work situation, which 
is not available to S l. It should provide useful information to the S I operational unit. As 
a predictor, S4 should have the capacity to predict any events that could bring 
disturbances to the operational units' activities. 
To achieve the objective of this function, S4 not only interacts with its external 
environment but also with S3. While interacting with S3, S4 analyses the 'here and now' 
information obtained from S3. This information is crucial for S4 and analyses the 
functional achievement obtained by S 1 and S2 and compares the 'here and now' 
information to reflect crucial insights for the 'total system environment' (Mat Taib 2006). 
This analysis would give information about whether the operational systems have the 
capacity to face any external environmental changes. Should there exist any external 
environmental changes, the organisation must be able to formulate and plan its own 
future (Espejo and Gill 1997; Espejo et al. 1999). 
This shows that the S4 function should have the capacity to provide an adaptation 
mechanism, which aims at ensuring that the whole or collective organisation of the 
system being examined is adaptive to changes in its environment. 
System Five (SS): The function of System Five is known as Policy. The function of 
System Five is to address the systematic needs of the whole organisation. This function 
intervenes with both the 'inside-and-now' and the 'outside-and-then' information for 
making any strategic decisions in order to maintain the total performance of the 
organisation. S5 is not only dealing with strategic decisions, but decides and designs the 
organisational purpose (identity) which is necessary for the direction of the whole 
organisation. To be able to decide and design the organisational purpose, S5 uses 
information obtained and evaluated by S4. The information which S5 receives from S4 
would assist it in designing the policy or the procedures which are delivered to S3 for 
implementation by SI. 
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In conclusion, there are two mechanisms that are essential for viability. These 
mechanisms are cohesion and adaptation. Both are equally important to define the 
organisational structure of a viable system (Espejo 2003). To ensure that a system 
possesses these mechanisms, the VSM concept prescribes its five functions which could 
be adapted to analyse the viability of the system under consideration. VSM is considered 
an appropriate approach for investigating the viability of F AoGS as a total organisation. 
2.3.6 Justifications for Choosing VSM 
The reasons for choosing VSM for in this study are: 
I. VSM is a concept which provides a different approach for investigating existing 
organisational structures. Bioinformatics analysis work for FAoGS is considered as 
complex process. Bench scientists who conduct bioinformatics analysis are constantly 
faced with multiple work situations. To predict the function of a gene sequence, bench 
scientists need to perform several procedures in multiple work situations in order to 
achieve the final experimental result. VSM is considered as the approach that could assist 
in investigating the viability of bioinformatics analysis work in mUltiple levels of work 
situations for FAoGS. 
2. Adapting VSM, the viability of bioinformatics analysis work for FAoGS could be 
investigated by determining whether there exist in the organisation any cohesion and 
adaptation mechanisms for the F AoGS process. The results from these investigations 
could assist analysts in suggesting and designing viable systems for effective information 
management. This would then allow smooth information services that would help ensure 
effective work performance by the whole organisation. 
3. VSM prescribes five functions which could provide some means of investigating the 
management of complexities within the organisation of the FAoGS process. Investigating 
the complexities of the F AoGS process is referring to identifying complex 
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interrelationships between sub-systems. These complex interrelationships were identified 
in terms of the information which flows from one system to another while these systems 
are communicating or interacting with each other. Revealing these interrelationships 
could support any recommendations for designing an effective information management 
system. 
2.3.7 Summary 
1. This chapter has discussed the research strategy and design for this research in order to 
explain how this research study has been carried out. It also includes the methods 
selected for data collection and data analysis. 
2. The research strategies cover and explain the stages undertaken throughout the 
research work. Discussions of the case study approach are also available in this chapter 
since all the data collected for this study were obtained from a specific case study, which 
will be discussed in-depth in Chapter Five. 
3. The conceptual framework developed for this research study has also been discussed in 
this chapter. This framework discusses the system environment for FAoGS. Within this 
framework, there are three units of analysis identified. Three main concepts were selected 
for analysing these units. These concepts are WDA, IIBM and VSM. Justifications for 
selecting each of the concepts are available in this chapter and the results obtained from 
adapting them are discussed in the following chapters. 
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Chapter Three 
Bioinformatics Technological Development 
3.1 Introduction 
The previous chapter explained the research strategies and the design for investigating the 
viability of bioinfonnatics work procedures in the context of infonnation behaviour 
activities. This chapter provides a literature review of the historical perspective of 
technological developments for biotechnologies and the changes which have lead to the 
implementation of bioinfonnatics. It provides the literature on the evolution of 
experimental approaches, from the traditional to the more recent approaches to scientific 
discovery. Two types of experimental approach are described in this chapter. Discussions 
on the definitions and the nature of the bioinfonnatics analysis process are also included. 
At the end of this chapter, a conclusion is provided to justify the complexities of 
bioinfonnatics analysis for the scientific discovery process. 
3.2 Historical Background of Biotechnologies 
According to (Henikoff 2002), experimental work in molecular biology research 
nonnally mirrors the central dogma concerning the theory of a single cell. The central 
dogma of molecular biology concerns the replication of DNA, the transcription from 
DNA to RNA and the translation of RNA to Protein, as illustrated in Figure 3-1. 
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Replication Transcription Translation 
RNA 
------- Protein 
Figure 3-I: The central dogma of molecular biology 
In this view, DNA is considered as the main source of the genetic information that 
defines the structure and function of an organism (Vierstraete 1999). The formation of 
protein is related to the genetic code of the DNA. Therefore, in molecular biology, the 
work of scientists involves a variety of procedures, which aim at transforming DNA to 
RNA and, subsequently, RNA to protein (Alberts et al. 1989). Vierstraete (1999) 
describes three different processes that are responsible for the inheritance of genetic 
information and for its conversion from one form to another. These processes are: 
Replication: This involves a process whereby a double stranded DNA is duplicated to 
give identical copies. The impact of this process is that it perpetuates the genetic 
information. 
Transcription: A DNA segment that constitutes a gene is read and transcribed into a 
single stranded sequence of RNA. The RNA moves from the nucleus into the cytoplasm. 
Translation: The RNA sequence is translated into a sequence of amino acids as the 
protein is formed, During translation, the ribosome reads three bases (a codon) at a time 
from the RNA and translates them into one amino acid. 
To perform the above-mentioned processes, scientists' experimental work depends 
heavily on the use of biotechnologies. There are several definitions given in relation to 
the meaning of biotechnology. Biotechnology is defined as: 
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" ... the application of Science and Technology to living organisms as well as parts, 
products and models thereof, to alter living or non-living materials for the production of 
knowledge, goods and services." (Gloriani 2007) 
In molecular biology research, the use of biotechnologies by scientists is extensive and 
dominant. An example of the application of biotechnology is in a recombinant DNA 
procedure. This procedure allows scientists to produce massive numbers of genes and 
manipulate those genes for various purposes (Hancock 1999). The task in this procedure 
requires scientists to insert a gene into the correct organism so that the organism can 
recognise and use it to produce many more DNAs. Recombinant DNA technology also 
helps bench scientists isolate large amounts of factors that could, for example, cause 
blood clotting so that they can be used in further experimental work. The use of 
biotechnologies does not only support scientists in producing recombinant DNA but also 
recombinant protein. 
Some types of protein produced by implementing biotechnologies are given by Hancock 
(1999) in Table 3-1. 
Table 3-1: Examples of proteins produced by biotechnologies (Hancock 1999) 
Product Comment 
Insulin Used in diabetes 
Tumour necrosis factor Antitumour factor 
Urokinase Can be purified from urine 
Interferons Antitumour factors; promote white cell function 
Interleukins A growing list of cytokines 
B-cell growth factor Used in immune disorders 
Antibodies The specificity of these can be altered 
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Other examples of experimental work which is supported by the use of biotechnologies 
are: 
• determining primary and tertiary structure of macromolecules; DNAs, RNAs and 
proteins (Kanehisa 2001); The breakthrough in biotechnology developments was 
the discovery of the DNA double helix. This is known as the Watson-Crick Model 
in the field of structural determination. 
• predicting functional properties within the macromolecules (Deng et al. 2003). 
Technologies in the molecular biology field are consistently developed. As such, 
scientists in this domain need to cope with rapid technological change. A series of 
developments in technologies for structural determination, rather than functional 
prediction, were given by Kanehisa (2001) and are shown in Figure 3-2. It shows the 
history of biotechnology developments for determining the structure of genes and 
proteins up until 2000. 
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1950 
1960 
1970 
1980 
1990 
2000 
Technology development 
49 Edrnan degradation 
54 Isomorphous replacement 
62 Restriction enzyme 
72 DNA cloning 
75 DNA sequencing 
84 Pulse field gel electrophoresis 
85 Polymerase chain reaction 
87 Y AC vector 
93 DNA chip 
Source: Kanehisa (2001) 
Bioinformatics Technological Development 
Structure determination 
51 a-helix model 
53 DNA double helix model 
Insulin primary structure 
60 Myoglobin tertiary structure 
65 tRNAA1'primary structure 
77 ",X174 complete genome 
79 Z-DNA by single crystal diffraction 
86 Protein structure by 2D NMR 
88 Human Genome Project 
95 H.influenza complete genome 
Figure 3-2. History of structure determinations for nucleic acids and proteins 
Figure 3-2 illustrates that from the '70s to the '90s, scientists had the capability to decode 
human chromosomes due to the development of methods for separating large DNA 
segments. Separating these segments requires scientists to undertake several procedures. 
These procedures are DNA sequencing and generating new cloning vectors. 
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Development of these methods initiated the Human Genome Project. According to 
(Kanehisa and Bork 2003), the purpose of this project is to discover the billions of 
nucleotides and genes in human chromosomes. Products from this project were expected 
to infonn new discoveries and applications in all areas relating to biology. These 
historical successes of biotechnological development have had a great impact on the field 
of molecular biology. One of the major impacts is that research in all areas of molecular 
biology has now evolved from being technology-driven methods to ones that are 
information-driven. The continuous progress in sequencing technology and the impact of 
the human genome project in the '90s has led to a massive rise in available gene and 
protein sequence data from a wide range of species (Apweiler et al. 2003). 
3.3 Bioinformatics Technologies and Scientific Discovery Works 
Several issues arise due to the massive number of genome, gene and protein sequences 
publicly available to scientists. These issues require the extensive use of infonnation 
technology to manage the data. Infonnatics technologies cover several ranges of 
computer-based technologies. Examples of these technologies could be databases, 
knowledge bases and the World Wide Web (WWW). The types of infonnatics 
technologies implemented for sustaining those issues in the biological domain are known 
as bioinfonnatics. 
There are several definitions given for bioinfonnatics. Brown (2000, p.3) defines 
bioinfonnatics as, 
..... the use of computers for the acquisition, management and analysis of biological 
information. It exists at the intersection of molecular biology, computational biology, 
clinical medicine, database computing, the Internet and sequence analysis. " 
50 
Chapter Three Bioinformatics Technological Development 
Another definition given by (Lacroix and Critchlow 2003, p.3) indicates that 
"Bioinformatics is the design and development of computer-based technology that 
supports life sciences . .. 
From these definitions, bioinformatics could be regarded as informatics technologies that 
support the development and management of various types of data within the biological 
domain. These technologies are essential to support the scientific discovery work of 
biological scientists. 
3.4 Scientific Discovery in Molecular Biology 
The availability of bioinformatics technologies supports scientists in conducting their 
experiments. According to Saunders and Parkes (1999), scientists perform experiments in 
order to discover potential results and from these results they either proceed with 
decision-making or solution-forming processes. The most significant impact of the 
evolution of bioinformatics technologies is the ability of the scientists to sequence 
genomes and proteins, to synthesise regions of DNA, RNA and peptides and to obtain 
complex gene and protein expression patterns representing different states of biological 
systems (Smietana and Mansfield 2003). 
Today, the use of bioinformatics resources and tools has become an integral part of 
molecular biology research work. Kanehisa (2001) describes two possible approaches 
that could be adopted when seeking to make a scientific discovery. These are: -
• reductionist: - the traditional approach; 
• information-driven: - the contemporary approach. 
Figure 3-3 illustrates the two types of biological approaches that could be adopted for 
scientific discovery, adapted from Kanehisa (2000). 
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Reductionist 
Approach 
Wet 
Experiments 
Biologica l System 
(Organism or Cell) 
Building Blocks 
(Genes/Molec ules) 
Adapled from Kanehisa (2000) 
Information-Driven 
Approach 
Dry 
Experiments 
Figure 3-3: Reductionist and Informat ion-Driven approaches to scientifi c 
di scovery. 
3.4.1 Reductionist Approach 
Th is is considered as the traditional approach for conducting scientific discovery 
resea rch. Chung and Wooley (2003) described the reductioni st approach as being highly 
focused and hypothesis-driven. When conducting experimental work, scienti sts who 
adopt this approach are interested in finding the bu ild ing blocks or components of a 
biological system. Examples of such components are genes, proteins and metabo lites etc 
(Aggarwal and Lee 2003). Therefore, their exper imental work starts off by extracting 
genes or proteins from speci fic organ isms. 
The arrow in Figure 3-3, which points to the building blocks from the organism, ind icates 
the reductionist approach. In thi s approach, ex perimentat ion takes place mostl y in wet 
labo ratori es. This kind of work ing environment is known as in vitro. The lab 
experimentation normally starts off with a specific characteristic and funct ional aspect of 
the biological system. For example, a speci fi c characteri stic of a bio logical system or 
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organism is hypothesised as having an iron-transportation function. Having this 
characteristic, such organisms are said to be responding well to particular environmental 
conditions. In this example, the environment which contains a chemical species such as 
Ferric Iron (Fe 3) might influence the development and the life of such organisms. 
To be able to determine the functions of these organisms, further work will then move 
towards searching for the specific building blocks, either genes or proteins, and the 
characterisation of these components to predict and confirm that they are the ones that are 
responsible for the function. 
3.4.2 Information-Driven Approach 
This approach could be considered to be a recent approach for scientists conducting their 
experimental work. In this approach, scientists perform dry experiments by taking 
advantage of data and information sources that are available from their information space 
to support their work. Unlike the reductionist approach, this approach uses available data 
and computational tools from web sites to understand how genes and molecules are 
networked to form biological systems (Kanehisa 2001). In Figure 3-3, the arrow is 
pointing upwards from the building blocks to biological systems or organisms. 
The availability of genome sequence data on the Internet is the starting point for adopting 
this approach to scientific discovery. Scientists' experimental work is mainly supported 
by bioinformatics technologies. Experimental work requires the use and aggregation of 
biological data from online bioinformatics sources and computational tools to create a 
data set for further analysis (Stein 2002). For example, in a situation where scientists 
need to determine functions for a specific gene sequence from bioinformatics resources, 
they need to find and compare gene and genome sequences retrieved from particular 
databases. The matching regions obtained from this work procedure can be used in the 
next procedure. Figure 3-4 illustrates the point of data aggregation at the point between 
the genomics-gene expression projiles level, gene-expression projiles-proteomics level 
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and the proleomics-:,yslems-biology level respectively. The diagram also shows the 
poss ible nows of informat ion through these levels in the informat ion-based sc ientifi c 
di scovery work. 
Genomics 
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Gene Finding 
Genome-
Comparisons 
Databases 
Gene 
Expression 
Profiles 
Microarray 
Experiments 
Databases 
P roteomics 
Protein 
Expression 
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Functions 
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Ana lysis Tools 
source: Chung and Wooley (2003) 
Computational 
Analysis Tools 
Computational 
Analysis Tools 
Figure 3-4 : Informat ion-d ri ven di scove ry 
Adopting this approach reqUires scienti sts to make sense of or in terpret biological 
phenomena from a variety of types of biologica l data co ll ected from molecul ar databases 
during exper imenta l work. 
Examples of molecu lar databases to support in formation-based scienti fic d iscovery are 
given by Kanehisa (2000, p. 24) as in Tab le 3-2. Thi s tab le shows the evo lution of 
molecular databases, which start from literature databases, then to factua l databases and 
move on to know ledge bases. Table 3-2 describes each category of database with th eir 
contents along with examples for each category. Table 3-3 on the other hand, lists the 
organisati on that pub li shed the content of th e databases together with their add resses 
respectively. 
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Table 3-2: Evolution of molecular data bases (Ka neh isa, 2000) 
Database Category Data Content Examples 
I. Literature Databases Bibliographic citations MEDLlNE(1971) 
On-line journals 
2. Factual Databases Nucleic ac id sequences GenBank (1982), EMBL (1982), DDBJ (1984) 
Amino Acid sequences PIR(1968), PRF (1979), SWISS-PROT( 1986) 
3Dmolecular structures PDB (1971), CSD (1965) 
3. Knowledge base Motif li braries PROSITE (1988) 
Molecular classifications SCOP (1994) 
Biochemical pathways KEGG (1995) 
Table 3-3: The addresses fo r major databases (Kanehisa, 2000) 
Database Organisat ion Address 
MEDLlNE Nati onal Library of Medicine www.nlm.n ih.gov 
Genbank Nati onal Center fo r Biotechnology Information www.ncbi.nlm.nih.Q.ov 
EMBL European Bioinformatics Institute www.ebi .ac.uk 
DDBJ National Institute of Genetics Japan www.ddbj .nig.ac.jg 
SW ISS-PROT Swiss Institute of Bioinformatics www.exgasv.ch 
PIR National Biomedical Research Foundation www-nrbf.georgetown.edu 
PRF Protein Research Foundat ion, Japan www·llrf.or·jll 
PDB Research Collaboratory of Structural Bioinfonnatics www. rcsb.org 
CS D Cambridge Crysta llographi c Data Centre www.ccdc.cam.ac .uk 
The examples given in Tables 3-2 and 3-3 are some of the molecular databases that are 
avai lab le on the In ternet. There are actuall y many other types of molecular databases that 
are publi shed by established organ isations to serve sc ienti sts' experimenta l work. Chung 
and Wooley (2003) stated that there are more than 1000 bio logica l data sources scattered 
over the Internet. Each of them vari es widely in scope and content. They refer to data 
sources as not onl y molecular databases but also include computational tools. Examples 
of these computational lOo ls include FASTA, BLAST, P I-BLAST and CLUSTA L for 
55 
Chapter Three Bioinfonnatics Technological Development 
sequence analyses. FASTA, BLAST and PSI-BLAST are the tools for sequence-
similarity searching (Altschul et al. 1997) and CLUSTAL is for multiple sequence 
alignment (Etzold et al. 2003). Others such as SignalP-ANN or Signal P-HMM are the 
tools for signal peptide prediction (Kall et al. 2004). 
This kind of working, in which information-driven experimental work is undertaken, is 
known as in silica experimentation. This type of experimental work which is conducted 
in a dry laboratory environment uses computer-based information repositories and 
computational analysis to test a hypothesis, derive a summary, search for patterns or 
demonstrate a known fact (Stevens et al. 2003a). 
3.5 Definition of Bioinformatics Analysis in Scientific Research 
The development of bioinformatics technologies as discussed in the previous section 
requires scientists to cope and adapt to technological change when conducting their 
experiments. As such, scientists may apply in silica experiments as an integral part of 
their laboratory work. As an integral part of experimental activities in a wet laboratory, 
Goble (2001) defines in silica experiments as supplementary to traditional and 
reductionist methods. It complements experiments which are done in vitra by generating 
hypotheses. 
Bartlett and Toms (2005) and Toldo and Rippmann (2005) use the terms 'bioinformatics 
analysis' rather than 'in silica experiments' to indicate the type of dry experiments which 
support traditional and reductionist methods. Hypotheses which are generated through 
bioinformatics analysis would still require further confirmation in a wet laboratory 
(Bartlett and Toms 2005). The reason is because the hypotheses which were generated 
about the function of sequence had not been previously experimentally annotated. 
Therefore, it is necessary to confirm the hypotheses generated from bioinformatics 
analysis in a wet laboratory. The challenges of incorporating bioinformatics analysis into 
the traditional reductionist method are issues facing the bench scientists when performing 
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this type of analysis. These issues and challenges are discussed in greater depth in 
Chapter 4. 
3.6 The Nature of the Bioinformatics Analysis Process 
Before discussing further the issues and challenges in conducting bioinformatics analysis, 
this section uses three examples identified and selected from previous studies (Siepel et 
al. 200Ia); (Bikandi et al. 2004) and (Bartlett & Toms, 2005) to explain the nature of 
bioinformatics analysis. 
3.6.1 A Process for Sequence Alignment 
Siepel et al. (2001a) provide a rather simple bioinformatics process such as to examine a 
DNA sequence in alignment with similar sequences from public databases. In this type of 
experimental process, bench scientists use three different tools with three different 
interfaces. When bench scientists use the first tool, its output is converted into a format 
acceptable as the input to the next tool. Stevens et al. (2003) describe this as a process of 
taking data and passing them from one resource to another until the desired analytical 
goal or other outcome is achieved. Therefore, logically, for a more complex analysis, 
many more resources might be required to support the bench scientists' experimental 
work. 
3.6.2 A Process for Analysing Complete Bacterial Genomes 
Bikandi et al. (2004) developed a website which provides a platform for performing what 
they refer to as in silico analysis of complete bacterial genomes. This platform provides 
software programs that support three basic tasks in the analysis process for complete 
bacterial genomes. 
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These tasks are Polymerase Chain Reaction (PCR) amplification, Amplified Fragment-
Length Polymorphism (AFLP)-PCR and endonuclease restriction. Each software 
program available in the bench scientist's information space, helps the bench scientists to 
perform in silica analysis of complete bacterial genomes in each of the mentioned tasks. 
For instance, for the PCR task, the bench scientists select appropriate genome sequences, 
identify primers and fragment size, identify DNA sequences and then compute the 
corresponding ORFs. These ORFs are the resulting PCR product in the complete 
bacterial genomes. In AFLP-PCR, the platform provides tools which provide suggestions 
and a list of commercial restriction enzyme pairs yielding up to 50 amplicons in the 
selected genome. For endonuclease restriction analysis of complete bacterial genomes, 
the platform provides tools which calculate the' number of restriction sites for 
endonuclease in a given' genome. The pulsed field gel electrophoresis image and 
restriction maps are illustrated if the tool shows 50 or fewer fragments for the restriction 
sites. 
The study explained the purpose of in silica analysis for complete bacterial genomes and 
informed the characteristics of the tools which provide bench scientists with a platform 
for performing in silica analysis. However, the limitation of their study was that it does 
not explain how these resources were allocated and coordinated. Thus, the allocation of 
resources to each of the tasks is unclear. 
3.6.3 A Process for Analysing Gene Function 
Bartlett & Toms (2005), on the other hand, stated that adopting bioinformatics analysis 
experimentation tasks require scientists to be involved in a process of searching for 
multiple databases such as Gen Bank, SwissProt and analytical tools such as BLAST or 
ClustalW to test whatever hypotheses the researchers need to address. This phenomenon 
suggests that undertaking bioinformatics analysis requires not only the use of information 
from diverse bioinformatics resources, but also searching for relevant information and 
. resources from their information space. Therefore, bioinformatics analysis experiments 
are defined as a process which involves the integration of experimental procedures and 
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the application of integrated infonnation sources and analytical tools (Chung & Wooley, 
2003). 
From the examples of the three processes of bioinfonnatics analysis mentioned above, 
the nature ofbioinfonnatiCs analysis can be summarised as: -
• it involves a procedure which requires the use and interoperation of several 
resources to achieve its analytical purpose of generating and testing a hypothesis. 
when the bench scientists use several resources in the experimental work 
procedure, the output from one. tool becomes the input to another tool. The final 
output requires the bench scientists to make sense of and interpret the results. 
• to use relevant and meaningful data, the bench scientists are required to search for 
a variety of appropriate infonnation and resources from their infonnation space. 
The above summary shows that bioinfonnatics work is a complex process. Despite its 
complexities, this type of work process has become an integral part of the traditional 
reductionist approach. These complexities arise due to the variety of heterogeneous 
resources and diverse data available to bench scientists from within their infonnation 
space. To collect and gather data from these heterogeneous resources, a significant 
amount of intervention is required from the bench scientists. 
The following chapter discusses in more detail the problems and challenges faced by the 
bench scientists in perfonning bioinfonnatics analysis for the F AoGS process. These 
issues become the major input for developing a theoretical framework for this study. 
3.7 Summary 
1. The history of the technological changes in biotechnologies was presented in this 
chapter. The purpose of explaining these technological changes is to give some 
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insight into the reasons why bioinformatics technologies exist and how they have 
changed the way bench scientists conduct their experimental work. 
2. The evolution of information resources such as databases and websites has been 
given. The purpose is to provide some historical background for the massive 
amount of resources available within scientists' information space. 
. 3. The two types of experimental approach: the reductionist, traditional approach 
and the information-driven, contemporary approach have been discussed. 
Explaining these two approaches enables the researcher to explain how 
bioinformatics analysis fit into the traditional reductionist approach in the wet 
laboratory. 
4. The nature of bioinformatics analysis work is discussed in brief. The reason for 
discussing its nature and complexities is to reveal the complexities of the work 
being undertaken. This would then justify the issues emerging as a result of 
conducting bioinformatics analysis. 
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Chapter Four 
Issues within Bioinformatics Information Space for FAoGS 
4.1 Introdnction 
The previous chapter gives an account of some historical developments in 
biotechnologies and bioinformatics. The aim of this chapter is to discuss issues within the 
Bioinformatics Information Space (BIS). It explains bioinformatics analysis, specifically 
for the Functional Analysis of Gene Sequence (F AoGS) process. The nature of 
bioinformatics analysis has been discussed earlier so this chapter relates the complexities 
of conducting those types of experimental work that relate to the bench scientists' 
information space. The purpose of the literature review is to understand and describe the 
FAoGS process, the issues within the BIS and the use of relevant literature for the 
development of the theoretical framework for the current study. 
4.2 Context of the Literature Review 
In this study the literature review was undertaken for the purpose of exploring the main 
issues which could affect the effective performance of bioinformatics analysis work. 
Managing information and ensuring successful delivery of information among its 
operational procedures could be the measurement for performance. The main issues 
within the Bioinformatics Information Space (BIS) were highlighted as the 
interoperability of the heterogeneous bioinformatics resources and information overload. 
This chapter gives a broader perspective on the variables that initiate those issues for 
bench scientists when undertaking bioinformatics work. 
In order to outline the scope for the literature review, the main problem statement has 
been established. The problem statement is: 
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How could information be effectively delivered to bench scientists when undertaking 
bioinformatics analysis work for F AoGS and what are the issues that could affect their 
work performance? 
The following questions then arise: 
• What is bioinformatics analysis work for F AoGS? 
• What common issues arise when undertaking bioinformatics analysis work? 
• How can current information technologies minimise issues exist in the 
bioinformatics information space? 
The literature review was conducted in order to provide answers and solutions to these 
questions. This critical appraisal of the literature concerning issues of conducting 
information-based experimental work was aimed at assisting the development of a 
theoretical framework for this current study. 
4.3 Bioinformatics Analysis for the Functional Aualysis of Gene Sequence Process 
As mentioned earlier in the previous chapter, bioinformatics analysis is a type of 
experimental work undertaken within a dry laboratory environment. Undertaking 
bioinformatics analysis for' FAoGS indicates that bench scientists use either data 
available from molecular databases or data generated from any type of computational 
tool. The purpose of using the data from various types of bioinformatics resources is to 
allow bench scientists to determine the functions of the target gene sequence. In general, 
bioinformatics analysis work for FAoGS involves tasks such as extracting a DNA 
sequence from the organism of interest, annotated relevant and significant information 
from the extracted DNA sequence and interpreting that information. 
According to Head-Gordon and Wooley (2001), DNA or a gene sequence contains 
encoded information which informs common features and structures of a protein. 
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Subsequently, infonnation relating to the features and structures of a protein would assist 
bench scientists in detennining the type of function encoded within their target gene 
sequence. The functional detennination of a gene sequence process could be done either 
by using the thennodynamic principle (Kanehisa 200 I) or through understanding the 
sequence-structure-function relationships (Brown 2000). In both cases it follows the 
Central Dogma rules of molecular biology. 
4.3.1 The Central Dogma Rules 
The concept of the Central Dogma· was explained previously in Chapter Three. In this 
chapter, this concept is further elaborated in tenns of the infonnation which flows across 
each level within a single molecular cell. It was Watson and Crick who identified the 
model of the DNA double helix that theorised the Central Dogma rules. In the Central 
Dogma of molecular biology, these rules are actually a set of instructions which encode 
the infonnation flow as described in Figure 3-1 in Chapter Three. 
Based on the Central Dogma rules, infonnation flows through the process of DNA 
replication, transcription and translation within a molecular cell: In a single molecular 
cell, DNA keeps replicating and is then transcribed into RNA; the RNA is then translated 
into protein (DNA -+ RNA -+ Protein). After the bench scientists have obtained the 
proteins, they should be able to analyse the metabolic structure and regulatory functions 
within the cells. In tenns of structure-function relationships, the abstraction of 
infonnation flow is in the fonn of Sequence -+ Structure -+ Function. In this fonn of 
abstraction, bench scientists work with sequence and obtain the structure of the sequence 
before establishing the function of the target sequence. There are several common ways 
in which bench scientists could detennine the function of a gene. 
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4.3.2 Similarity Searching for Sequence with Known Function 
The most straightforward method of determining the function of a gene sequence is 
known as direct similarity searching. Brown (2000) describes this as the simplest way of 
predicting gene function. In this type of similarity searching, bench scientists determine 
the function of a gene by finding and searching the function of a similar sequence from 
existing databases. These similar sequences are known as homologues. However, there is 
a discrepancy in this type of method. According to Panchenko et al. (2004), a common or 
similar sequence between the query and homologues does not necessarily imply 
functional similarity. As such, the direct similarity searching approach could lead to an 
incorrect assignment of function. Therefore to avoid this kind of problem, bench 
scientists need to examine common features among the identified homologues and the 
query sequence. They then need to proceed with identifying functionally important sites 
in order to verify functional assignments. This approach is known as analysing 
domain/motif sequence. 
4.3.3 Similarity Searching for Annotated Homologues and Functional Sites 
To avoid making an incorrect functional assignment, Bartlett and Toms (2005) represent 
the bioinformatics protocol for F AoGS in three distinct pathways. The first pathway is 
finding gene sequences from the genome sequences, which is then followed by either 
homology searching or analysis of the domain/motif sequence. In their representation of 
bioinformatics analysis for the FAoGS process, bench scientists are given two options in 
determining the functions. They could either choose the homology-searching pathway to 
predict the gene function or predict the function of a gene sequence through analysing the 
domain/motif sequence from the homologues. Analysing the domain/motif sequence is 
done by identifying conserved regions from the homologues for similar sequence 
patterns, known as functional sites. It is up to the scientists to decide which pathway is 
suitable for them to predict the functions of a gene sequence. 
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Whichever way the bench scientists conduct bioinfonnatics analysis for detennining the 
functions of gene sequence, they need to use a variety of types of sequence data and 
computational tools from their infonnation space. As discussed previously in Chapters 
One and Three, bench scientists need to deal with some issues when using sequence data. 
from heterogeneous bioinfonnatics resources. Integrating and managing infonnation for 
supporting bench scientists undertaking bioinfonnatics analysis work is the most 
prominent challenge. It requires an effective infonnation management approach for 
dealing with diversity of infonnation and heterogeneous resources. 
4.4 Information Management and Services 
McLeod and Schell (2004, p. 32) define infonnation management as: 
" the activity of acquiring information, using it in the most efficient way and discarding 
it at a proper time." 
This definition indicates that managing infonnation for supporting bioinfonnatics 
analysis work should involve investigating how bench scientists acquire and use 
infonnation at a particular time. This investigation includes taking into account the 
variety of sequence data used by the bench scientists from heterogeneous resources. The 
product of the investigations should provide solutions for controlling infonnation 
processing and the delivery of infonnation within the work structure of bioinfonnatics 
work activities. This is essential for the provision of infonnation services and the delivery 
of infonnation to the right work procedures in bioinfonnatics analysis work. 
Infonnation services on the other hand are considered by Taylor (1986) as the output of 
systems, where systems are perceived as human activities. These activities are fonnally 
organised to process and provide infonnation systems. O'Brien (2004) defmes 
infonnation systems in two contexts. He claims that infonnation systems are: 
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"a set of people, procedures, and resources that col/ects, transforms, and disseminates 
information in an organisation" G-9 Glossary for Business Professionals 
or 
"a 5ystem that accepts data resources as input and processes them into information 
products as oulpW" G-9 Glossary for Business Professionals 
Figure 4-1 illustrates the process model which demonstrates the information management 
cycle which incorporates elements such as the set of people, procedures and resources. 
Information 
Information Organisation and Storage I 
Needs 
l Information Adaptive 
f-+ Information Products/Services Information Behaviour Acquisition Use 
--
-~ Infonnation Distribution 
Source: Choo (2002) 
Figure 4-1 : Information Management Cycle 
As one of the components of the information management process model, information 
services can be considered as the component that supplies and delivers information. In 
order to deliver information, Choo et al. (2000) argued that organisations which receive 
the information should be supplied with high quality information through a varied menu 
of info rmation se rvices. Ideall y, the organi sation should be offered information at 
different levels of focus and detail , which informs whether the information is general or 
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specific. It should also cover a range of time horizons such as whether the infonnation is 
immediate, short tenn or long tenn. 
The provision for infonnation services should aim at providing infonnation services that 
are effective as well as efficient. In providing infonnation services, Taylor (1986) 
suggested that the effectiveness of a system's output, could be evaluated either by 
focusing backwards or forwards. Focusing backwards is looking at the processes that 
produced the output and the approach for analysing system efficiencies. Meanwhile 
focusing forward is looking at the client or environment that received the service. This is 
the approach that analyses system effectiveness according to how the output affects the 
total performance of the organisation or recipient. 
In a scientific analytical process, whether in wet or dry laboratories, the bench scientists 
are nonnally required to define their enquiries in analytical tenns. The purpose of those 
enquiries according to Hancock (1999) is to help bench scientists to get some answers to 
their biological questions. Saunders and Parkes (1999) on the other hand, described them 
as elements that help in further decision-making or problem-solving. According to Choo 
(2002), when users gather infonnation, they prefer that the infonnation is not just to give 
answers to questions but also to lead to solutions for problems. This means that the 
. orientation of infonnation should not only be subject-based, in which knowledge on the 
subject is the end state after receiving the infonnation, but it should also include action in 
which infonnation is being used to fonnulate decisions and behaviours. 
As such, in providing information services that suit the infonnation needs of the users, 
Choo (2002) suggested two criteria for designing infonnation services. These criteria are: 
• to address the subject matter of the problem, 
• to fonnulate specific contingencies that affect the resolution of each problem or 
each class of problems. 
Both of these criteria should assist users in decision-making and be able to make sense of 
situations so that they can decide on more effective action. In order for the infonnation 
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services to have those criteria, there should be some value added to the infonnation being 
processed by the sets of systems activities (Taylor 1986). As such, investigating BIS may 
discover some issues which could affect the perfonnance of the current working process 
of the bench scientists. This would then assist the analyst in recommending solutions to 
improve bench scientists' work perfonnance. 
4.5 Bioinformatics Information Space for the FAoGS process 
In the context of investigating issues within BIS, infonnation management is referred to 
as a set of people, procedures and resources that collects, transfonns and disseminates 
infonnation in an organisation. Therefore, each of these elements is considered to exist in 
the Bioinfonnatics Infonnation Space (BIS) when bench scientists undertake 
bioinfonnatics procedural activities. At the higher level, BIS can be categorised as 
containing two major components. These components are: 
• the bioinfonnatics resources which store a variety of biological data for bench 
scientists, 
• the bench scientists who gather, use and transfer data collected from those 
resources to another who transfonns the collected data into useful and significant 
infonnation. 
Treating the process of undertaking FAoGS as an organisation, the inter-relationships 
existing between each element are complex. In complex systems, issues relating to the 
relationships and interdependencies between elements which fonn certain kinds of 
organisational structure are the major concern (Katz and Kahn 1969). Flood and Carson 
(1993) claimed that complexities found in a particular system are associated with the 
interactions between elements within the system. 
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4.5.1 Interactions between Elements within BIS 
Feibleman and Friend (1969) suggested seven elements of interactions. Out of those 
seven, this study discusses the three that are considered essential in understanding the 
inter-relationships between the elements in BIS. These three are: 
o organisation-environment, 
o action-reaction and, 
o equilibrium-disequilibrium 
Table 4-1. Three elements ofinteractions (Feibleman and Friend 1969) 
Elements of interactions Description 
Organisation-Envirorunent As a whole, the organisation of dynamic systems must be considered in 
tenns of the relationship to its environment. 
Action-Reaction There is a reciprocal relationship between the organisation of a system 
and its environment. Between these elements, there will be action on 
one part and reaction on the other. The organisation of a system would 
affect the environment that contains it and vice versa. 
Equilibrium-Disequilibrium Equilibrium is a condition in which the influences that organisations and 
environments exert on each other are in balance. Disequilibrium is the 
condition in which such a balance does not exist. 
Availability-Virtual Availability is a characteristic of a limited part of the environment of an 
Indifference organisation, that part which, determined by the nature of the 
organisation, importantly affects and is affected by it. Virtual 
indifference is a characteristic of that less limited part of the 
environment of an organisation, that part which, detennined by the 
limited nature of the organisation, hardly affects or is affected by it. 
Saturation-Insufficiency- Saturation is the condition of an organisation in which all parts share 
Superfluity and all subparts are shared. Insufficiency is the condition where all parts 
share and there are some unshared subparts. Superfluity is the condition 
where there are some unsharing parts and all subparts are shared. 
Flexibility-Rigidity Flexibility is the capacity of an organisation to suffer limited change 
without severe disorganisation. Rigidity is the absence of this capacity. 
Stability-Instability Stability is the capacity of an organisation to remain in equilibrium. 
Instability is the absence of this capacity. 
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Two different scenarios or conditions in which interactions between elements may exist 
were given by (Flood and Carson 1993). These scenarios are: 
Scenario 1: When the focus is the 'things and people'. Under this scenario, 'things' have 
become an object of thought and interpretation by people. The system is considered 
complex when the people's perception of 'things' becomes the focus. When people 
perceive things, the subject matter which deals with the people perception involves the 
abstraction of the real world. Therefore in this scenario, the interaction between elements 
needs to incorporate various perspectives that deal with the subject matter. 
Scenario 2: When the focus is communication and control. Under this scenario, the 
system is considered complex when the focus is on the presence of interrelationships 
between elements or the existence of certain kinds of patterns within the real world. 
Analysing interrelationships between elements in this kind of scenario means dealing 
primarily with the behaviour of the system rather than with the 'objects'. 
When undertaking the FAoGS process, the bench scientists interact with bioinformatics 
resources to acquire a variety of types of sequence data. Bench scientists use this 
sequence data so that they can predict the putative function of a gene sequence. 
Undertaking the FAoGS process requires bench scientists to perform a variety of 
bioinformatics analysis procedures for different purposes. Bench scientists require 
different sets of information to fulfil the purpose of undertaking bioinformatics work. 
Once bench scientists need and acquire appropriate information, they can interpret the 
results obtained from each bioinformatics procedure. In this scenario, iterative 
information behaviour activities exist during the process. of acquiring and using 
information. 
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4.5.2 Information Use Environment (lUE) 
Choo et al. (2000) reflect this iterative behaviour in tenns of the Infonnation Use 
Environment (IUE). They refer to the ruE as the behavioural framework, which also 
includes the structure of the work setting as identifying elements that could affect 
infonnation flows and infonnation use in an organisation. The first step in this framework 
is to understand the problem situations that users are typically facing. Secondly, is to 
understand the infonnation behaviour of the users in the context of their infonnation 
need-seeking-use. 
Bartlett (200 I) studied the infonnation behaviour of the bench scientists in Canada who 
employed bioinfonnatics analysis for FAoGS. According to Bartlett and Toms (2005), 
the purpose of investigating infonnation behaviour of the bench scientists is to get a rich 
picture of bioinfonnatics analysis procedures. However, to get a detailed description of 
the tasks within the procedure, they need to perfonn a task analysis. 
Another framework for investigating infonnation environments is the Infonnation 
Ecology Model (IEM) introduced by (Davenport 1997). This framework proposed six 
components that could be used to understand organisational environments and 
infonnation used by people in their own work settings. These components are 
infonnation strategy, infonnation politics, infonnation behaviour and culture, infonnation 
staff, infonnation processes and infonnation architecture. In IEM, infonnation behaviour 
is also considered as the most important component within the infonnation environment. 
The reason is because in IEM, infonnation behaviour is described as the component that 
has the capacity for the successful creation of an infonnation environment (Davenport 
1997). In the context of this study, to achieve the aims and objectives of this research, a 
theoretical framework was developed in order to investigate issues within BIS. 
From IEM, two components, which become the main interest of this study, are the 
infonnation behaviour and infonnation processes. Infonnation processes are described as 
the work activities undertaken by infonnation workers (Choo et al. 2000), which includes 
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"the determination of information requirements. the capturing of information. its 
distribution and use" (Choo et al. 2000, p.114) 
Mapping the infonnation behaviour and infonnation process components from IEM into 
IUE, requires the development of a theoretical framework for investigating issues within 
BIS. The theoretical framework was developed to create the boundary and scope for the 
literature review. 
4.6 Scope of The Review 
The scope of the review consists of four main components with nine variables. These 
four components are illustrated in Figure 4-2 and listed as below: 
• Work Setting Perspectives 
• Infonnation Behaviour Perspectives 
• Resource Allocation Perspectives 
• Infonnation Structure Perspectives 
The variables used for investigating BIS are selected from the concepts introduced by 
(Choo et al. 2000) for the behavioural framework and (Davenport 1997) for the 
infonnation ecology framework. Both concepts provide numerous variables and are very 
exhaustive. To ease the study, only parts of the variables were selected and these 
variables are mentioned and described in the following section. 
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Adapted: Mat ra ib (2006) 
Figure 4-2: Theoretical Framework fo r FAoGS 's In fo rmation Management 
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4.6.1 Work Setting Perspective 
Experimental and Routine Procedures together with Working Processes are the main 
subject matter discussed under this issue. 
• Experimental and Routine Procedures 
In BIS, the common scientific activity is undertaking experimental work as part of a 
scientific analytical process. Chapter Five gives a schematic diagram of the analytical 
processes (SDAP in Figure 5-1) that shows the general workflow of scientists. The SDAP 
shows the possible procedures of scientists undertaking an analysis process in a wet 
laboratory environment. As in many other work domains, scientific experiment, which 
covers experiments in a dry laboratory environment, also consists of some routine 
procedures. According to Brazma (200 I), undertaking certain kinds of scientific 
experimental procedures would involves some actions which are considered as routines. 
These routines could either be automated or done manually by the workers. Routine 
procedures in bioinformatics analysis work were classified into two categories by 
(Brazma 2001). These are: I) for material processing and 2) for information processing. 
Among examples of material processing procedures are: 
• array fabrication, 
• preparation of the biological samples that scientists intend to investigate, 
• extraction and labelling of the RNA from the sample, 
• hybridising the labelled extracts onto the arrays, 
• scanning the arrays. 
Among examples of information processing procedures are: 
• quantitating the scanned images (i.e. finding the spots on the array and their 
fluorescence intensities), 
• constructing the gene expression matrix from the spot quatitations, 
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• analysing and mining the gene expression matrix in combination with other 
genornics data (e.g. finding clusters of similarly expressed genes), 
• discovering new lmowledge about the underlying biological processes from the 
above analyses. 
However, according to Brazma (200 I), the procedure for the preparation of the biological 
samples that the bench scientists intend to investigate is regarded as material processing, 
which requires some form of information processing. Ideally this procedure should be 
partly supported by an automated system such as the Laboratory Information 
Management System (LIMS). 
Bioinformatics analysis, which is an example of information-driven scientific 
experimental work, is not excluded from this phenomenon. Toldo and Rippmann (2005) 
described bioinformatics analysis work as mainly for generating and testing hypotheses. 
As mentioned previously, when performing bioinformatics analysis, scientists undertake 
scientific procedures which bring together various data and analytical resources in order 
to explore a hypothesis. This also shows that in supporting scientists' experimental 
procedures, bench scientists need to formulate complex but yet precise queries over 
multiple resources (Goble and Stevenx 2001). In this kind of situation, the bench 
scientists should lmow how to manipulate multiple resources as these routine procedures 
involve sharing an integrated analysis of biological data from multiple information 
sources (Xia et al. 2002); (Claverie et al. 2001); (Tsoka and Ouzounis 2000). Retrieval 
and integration of biological data is necessary to give a full context to their analytical 
work and to answer their analytical enquiries. Undertaking just one type of procedure 
would not give enough information about the function of the gene or protein samples 
under investigation (Gordon and Wooley 2001). 
Hancock (1999) describes how scientists perform bioinformatics analysis procedures to 
address analytical questions. To perform the procedure so that scientists could get 
answers to their questions, scientists may need to take some form of action. Table 4-2 
lists four general types of enquiry that scientists normally make in the procedure. 
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Table 4-2: Types of analytical enquiries (adapted from Hancock, 1999, p. 152) 
Types of analytical enquiries Descriptions of analytical enquiries 
Type I Is the sequence complete? 
Type 2 What does it encode? 
Type 3 Is it homologous to anything else? 
Type 4 What is the protein's function? 
Actions taken by bench scientists during experimental procedures may vary according to 
the conditions of the experiments and the kind of information received from the queries. 
According to Choo (2002), in providing effective information services to the scientists, 
information received from the queries should not ~nly provide answers to the questions 
imposed by users, but should be useful and useable in helping individuals solve work-
related problems and deal with the requirements of specific problem situations. In order 
to be able to understand the information requirements of specific problem situations, 
understanding the issues related to the bioinformatics working processes is helpful. 
• Work Processes 
Chicocki et al. (1998) define a process as: 
" a description and ordering of work activities across time and space that is designed to 
yield products or services while ensuring the organisation's overall objectives." 
Basu (200 I) describes the tasks of bioinformatics analysis as involving gene and protein 
sequence retrieval, sequence alignment and database searching. On the other hand, 
Stevens et al. (200 I) provide classes and ranges of bioinformatics tasks together with the 
frequency of the tasks undertaken by scientists. 
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Table 4-3: Classification ofbioinfonnatics tasks (Stevens et al. 2001) 
Bioinformatics tasks 
Sequence similarity searching 
Nucleic acid vs. nucleic acid 
Protein vs. protein 
Translated nucleic acid vs. protein 
Unspecified sequence type 
Search for non-coding DNA 
Functional motif searching 
Sequence retrieval 
Multiple sequence alignment 
Restriction mapping 
Secondary and tertiary structure prediction 
Other DNA analysis including translation 
Primer design 
ORF analysis 
Literature searching 
Phylogenetic analysis 
Protein analysis 
Sequence assembly 
Location of expression 
Miscellaneous 
I Frequency 
28 
39 
6 
29 
9 
35 
27 
21 
19 
14 
14 
12 
11 
10 
9 
10 
8 
7 
7 
In the context of this study, the working process is concerned with how infonnation 
activities are perfonned (Davenport 1997). This should include those perfonned by 
infonnation workers such as how they detennine infonnation requirements, how they 
capture infonnation and how they distribute and use infonnation. To be able to 
understand and design infonnation processes, it is essential to focus on the user problems 
and current situations (Choo et a!. 2000). 
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Therefore, from this perspective, investigations into the routines of bioinformatics 
analysis procedures in FAoGS should involve examining the activities implemented by 
the scientists, the workflow of the scientists, how scientists use information during the 
activities and how they transfer information through the variety of bioinformatics 
analysis procedures in particular work situations. Allocation and organisation of 
resources very much depends on the multiple tasks undertaken by the scientists. 
Undertaking each procedural activity in bioinformatics analysis work poses some 
challenges. The challenge is how each procedural activity could preserve their autonomy 
as participating systems and how these procedural activities could be coordinated in order 
to achieve maximum work performance. Investigating the information behaviour of the 
bench scientists may discover the type of information need, conditions and measures set 
by the bench scientists in particular work situations. 
4.6.2 Information Behaviour 
Information need, information seeking and information use are discussed in an integrated 
manner in this section. 
• Information Need - Seeking - Use 
In a situation where bench scientists need to determine the putative function of a gene 
sequence, scientists constantly interact with data from bioinformatics resources. 
According to Choo et al. (2000), the selection and use of sources is influenced by the 
amount of time and effort that is required to locate or contact the information sources. 
This scenario usually arises when scientists are faced with some problems or analytical 
enquiries through which they need to find answers to their biological questions. 
Examples of analytical enquiries for sequence analysis are given in the previous section. 
The information needs of bench scientists arise when fulfilling their research aims and 
objectives. They initially designed and planned their experiments before they could begin 
work. In a situation where scientists need to design some experiments, they need to find, 
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identify and select suitable experimental methods for implementing each experimental 
procedure. According to Rasmussen et al. (1994), the goals and purposes of undertaking a 
work system govern the interaction between the work system under consideration and its 
environment together with the selection of resources. Scientists need to ensure that they 
have selected appropriate experimental methods and data so that they can achieve their 
ultimate aims and objectives. Bench scientists normally set some form of conditions to 
their work procedures and the information gathered from bioinformatics resources. They 
give values to the information they think could help them in achieving their aims and 
objectives. 
In FAoGS, the ultimate aim of bioinformatics analysis is to determine the putative 
function of a gene sequence. To achieve this aim, bench scientists design their 
experimental work individually. They may perform the same procedure so that they could 
achieve the objectives of the experiment, but they may use different types of information 
from different types of resources. In the context of this study, the focu.s is not to study the 
preferences of the scientists in selecting sequence information from BIS; rather it is to 
examine the routine 'work processes in which bench scientists use information during 
procedural activities. According to Malmsjo (1997), information has no purpose of its 
own, it is always related to an activity. The focus of investigation also includes the kind 
of work situations where scientists need information and the work conditions and 
. 
measures imposed by scientists in ensuring that they receive appropriate information for 
procedural activities; this applies particularly when undertaking bioinformatics analysis. 
In BIS, large quantities of biological information are at present scattered over a variety of 
internet-accessible sites (PhiIippi 2004). It is impossible for scientists to use only one 
resource in determining the function of a gene sequence. They need to develop queries 
and conditions to help them to be confident that they have obtained the right information 
from the resources before proceeding to other sources relevant to their experimental 
work. This task requires bench scientists to assemble and allocate appropriate resources 
which are scattered all over the Internet. 
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4.6.3 Resource Allocation Perspective 
Organisational aspects of resources and interoperability are the issues discussed in this 
section. 
• Organisational Aspects of Resources 
In bioinfonnatics analysis, the use of data such as genetic and genome sequences (DNA, 
RNA and protein sequences) from bioinformatics resources is mandatory (Davidson et al. 
2001). Information-driven experiments do not use just a single bioinformatics resource to 
answer scientists' analytical enquiries (Goble et al. 2001). Scientists formulate queries 
and manipulate multiple bioinformatics resources to get some form of answer to their 
analytical enquiries in particular work situations. Undertaking scientific experimental 
work for F AoGS, bench scientists' ultimate objective is to determine the putative 
function of a gene sequence. To be able to achieve this, they design and implement 
multiple experimental procedures. Each procedure requires data and information from 
multiples bioinformatics resources in order to achieve the objective of undertaking that 
procedure. The use of multiple resources for supporting bioinformatics analysis 
processes requires the allocation and assembly of relevant resources to provide the full 
context of the biological systems under investigation. The appropriate assembly of 
resources in the F AoGS process should allow bench scientists to determine the function 
of a gene sequence. 
The ability to utilise effective data from multiple resources is the key requirement for 
scientists to achieve their ultimate goal. However, the ability to utilise data effectively 
will depend on successful integration and coordination of data from multiple sources 
(Brazma 2001; Goble 2001). The integration and coordination of multiple resources 
should reflect the working process of the scientists. Organisation of resources should take 
into account the multiple tasks undertaken by the bench scientists in each procedure and 
the resources used to support those tasks. However, to combine and tie together relevant 
bioinformatics resources for supporting information-driven experimental work would 
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provide some challenges to biological information management. The main issue in 
organising multiple resources relevant for supporting bioinformatics analysis work is the 
interoperability of those resources. 
• Interoperability 
Interoperating bioinformatics resources to support bioinformatics analysis is necessary 
for the transmission of relevant information from one resource to another. This process 
involves routing the information so that the right information is sent to the right person at 
the right time and in the right place and format (Choo 2002). The ability to fulfil these 
requirements when interoperating multiple resources is important, particularly when the 
timeliness of the information is significant. This is to ensure that scientists receive 
accurate and adequate information. However, there are issues in querying and 
interoperating multiple bioinformatics resources for supporting bioinformatics analysis 
work. 
In general, users query the information system to get some answers to the current 
problem situation. According to Hjorland (1997), there are several levels of inquiry made 
to the information system by users. These levels are pragmatic, syntactic and semantic 
(Hjorland 1997). 
Pragmatics is dealing with the purpose and intentions behind communicating with the 
information system. 
Semantics is dealing with the content and meanings in the information systems. 
Syntactic queries deal with the form, formalism and structures in the information. 
During bioinformatics analysis, scientists define analytical queries and interact with 
bioinformatics resources to get some biological answers (Hancock, 1999). When defining 
analytical queries and interacting with resources, scientists have some kind of purpose or 
objective for so doing. For example, scientists use the Genbank database from the NCBI 
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web site to fetch gene sequence data. Then they use BLAST search tools from the TIOR 
web site to find matches·· between the gene and the query sequence. To collect and 
assemble NCBI with TIOR could lead to interoperability problems, as discussed earlier. 
Factors that contribute to these problems are discussed by Has et al. (200 I); Siepel et al. 
(200Ib) and Stein (2002). These are: -
• diversity of biological data such as genome sequence, amino acid sequence, gene 
sequence, gene expression data etc. 
• heterogeneity among bioinformatics resources. 
Most biological databases are designed in an unstructured way, in either free-text or flat 
file formats (Achard et al. 200 I). The reasons why these databases are structured in this 
manner were partly due to the limitations of HTML, a well-known Internet technology. 
HTML technology is mainly used for data publishing and human browsing, as such it is 
not suitable for large-scale machine processing. It is not suitable for complex data 
structuring and it has no means of presenting the rich syntax and semantics of data. 
Therefore, to make it easy for the scientists to download files for information processing 
by some customised programs, organizations like the National Centre for Biotechnology 
Information and the European Bioinformatics Institutes, which provide collections of 
data, had to use the free-text format. Some examples of such databases and their data are 
OenBank and EMBL, which store information on nucleic acid sequences, and SWISS-
PROT, PIR and PRF, which store information on protein sequences. 
Now, with the creation of more online information sources due to the development of 
high throughput experimental and measurement technologies, some of these data are 
stored in image and 3D graphics form (Kanehisa 2001). Some examples of such 
databases and data are PDB, which contains information on 3D molecular structures, 
KEOGIPATHWAY, which stores information on biochemical pathways and 
KEOGIEXPRESSION, which stores information on expression profiles. The impact of 
different molecular database implementations in terms of the structure and contents for 
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annotating biological data has made them inconsistent and unstandardised, thus making it 
difficult to manage and integrate infonnation from diverse infonnation sources (Has et al. 
2001). 
Therefore two major contributing factors to the interoperability issue are: 
the limitations of existing technology capabilities, in this case HTML, 
the lack of standards to deal with multi-platfonn infonnation resources when 
storing biological infonnation. 
Interoperability issues particularly due to semantic heterogeneities among the resources 
are due to high levels of infonnation content in BIS. Scientists are, therefore, unable to 
utilise their rich environment effectively. 
4.6.4 Information Structure Perspective 
Infonnation Content and Infonnation Flow are the issues discussed.in this section. 
• Information Content 
Bioinfonnatics Infonnation Space (BIS) could be regarded as having high levels of 
infonnation content. This phenomenon creates two main issues for conducting 
bioinfonnatics analysis work. The first issue is infonnation overload and the second is 
semantic heterogeneity. As discussed previously in Chapter Three, the development of 
molecular databases, which covers literature databases, factual databases and knowledge 
bases, makes BIS rich with high infonnation content. However, all those databases store 
different types of data and infonnation. The contents of each database vary accordingly. 
For instance, the SWISS-PROT database is a database which stores protein sequences 
(Boeckmann et al. 2003). The EMBL Nucleotide Sequence Database stores and 
distributes nucleotide sequences from all available public sources (Stoesser et al. 2003). 
The EcoCyc Database is a database which stores organism-specific pathways which 
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describe the metabolic and signal-transduction pathways of E-Coli (Karp et al. 2002). 
However, though they have different contents, scientists are constantly accessing them 
and making analytical queries on a daily basis during their analytical work. 
Simultaneously, scientists not only use databases with different contents, they need to 
manipulate a variety of types of data using a selection of computational tools for each of 
their experimental procedures. Each procedure may require scientists to use different sets 
of tools, which require different sets of contents for scientific analysis. Tools such as 
Gapped BLAST and PSI-BLAST are used for searching protein and DNA sequence 
similarities (Altschul et al. 1997). GlyProt is an example of tools that enable meaningful 
N-glycan confirmations to be attached to all potentially accessible N-glycosylation sites 
of the protein structure (Bohne-Lang and Von der Lieth 2005). There are hundreds and 
thousands of computational tools selected and used by bench scientists while undertaking 
procedural activities. Scientists are constantly faced with difficulties in choosing which 
tools seem suitable for their current experimental work. They may select tools that are 
less capable than others or they may not be aware of a new tool that has a better 
performance than the one currently being used. This problem would make the bench 
scientists incapable of filtering unnecessary information or in other situation, they may 
accidentally filter important information. 
The problem of semantic heterogeneities as discussed in the previous section would make 
it difficult for scientists to interoperate resources with high information contents. 
Together with information overload issues, scientists' work may be affected when they 
have to take a much longer time in searching and obtaining information. Being unable to 
disseminate or deliver information effectively from one activity to another could have a 
negative effect on their experimental work and results and decrease their work 
performance. 
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• Information Flow 
According to Alhalalat (2005), information flow is anchored as part of the workflow 
which provides information on the steps and actions that are executed manually by the 
information workers (Chicocki et al. 1998). Workflows provide descriptions relating to 
the processes undertaken by information workers. In any organisation, adequate and 
accurate information is essential for the formulation of policies (Albaum 1964). 
Bioinformatics analysis is information-driven experimental work which requires bench 
scientists to answer their biological questions about decision-making or problem solving. 
Smooth information flow is crucial for the problem-solving type of system like 
bioinformatics analysis. This type of system requires the effective transmission and flow 
of information. To enable the provision of information services for scientists when 
undertaking their work, it is essential for the analyst to design appropriate systems which 
take into account the transmission, integration and flow of information. Poor system 
design which has a high data content could results in low information transmission, 
which could lead to system failure (Albers 1999). 
Investigating the processes of bioinformatics analysis which are mapped into the 
workflows of the bench scientists could give information on the structure of information 
that flows from one procedural activity into another. This could also include the 
coordination of any multiple tasks undertaken in each of the procedures in a particular 
work situation. However, coordinating multiple activities is not trivial when undertaking 
bioinformatics analysis work. The cause of this complexity, such as syntactic and 
semantic heterogeneities of the resources and contents, has been discussed earlier. 
Bioinformatics analysis work mirrors the biological systems of an organism. As such, 
there is the issue of the representation of the work domain. Representing the workflow of 
bioinformatics analysis may allow the description of the kind of processes being used and 
the information within them. However, representing the workflow of bioinformatics 
analysis which is a complex process needs to show the evolution of one situation to 
another. In the transformations and evolution process, there is tendency that a work 
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system becomes unstable and disturbed. The nature of bioinformatics analysis work, 
which evolves from one situation to another, could be regarded as a deranged work 
system which requires novel types of representation. Miller (2004) suggests a recursive 
structure as a suitable representation for any domain which is deranged like the medical 
domain. To date, there have been no attempts to represent bioinformatics analysis work 
which is complex and deranged as a recursive structure. This study attempts to achieve 
such a representation. This is discussed in Chapter Seven. 
4.6.5 Summary of Issues Within BIS 
All the issues discussed in the previous section are actually integrated and give some 
impact to the work performance during bioinformatics analysis. This section provides a 
holistic summary of those issues. 
In BIS, there are sets of bench scientists undertaking bioinformatics analysis work for 
determining the function of a gene sequence. The process of determining such a function 
is known as FAoGS. To be able to achieve the ultimate objective ofthe FAoGS process, 
each bench scientist designs, plans and operates their procedural activities individually. 
At higher levels, bench scientists need to design and plan their routine experimental 
work. They search for suitable experimental methods from information sources like 
literature databases. At the operational level, bench scientists need to undertake several 
routine experimental procedural activities using methods previously identified by them. 
However, each procedure requires bench scientists to perform multiple tasks in particular 
situations. Bench scientists need to search for and find different types of data and 
information from heterogeneous information sources for multiple procedural activities. 
They may also need to manipulate different types of sequence data using a variety of 
computational tools. To be able to proceed with subsequent experimental procedures, 
bench scientists need to ensure that they have achieved the objectives of the procedures. 
Hence, bench scientists need to obey some work conditions and measures to ensure that 
they have obtained the actual work output as desired. This then would allow them to 
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design, plan and operate subsequent procedures. However, the challenge in ensuring that. 
the bench scientists have achieved the desired work output involves ensuring that they 
have effectively filter, used and interoperated the heterogeneous information sources to 
which they have access. It is important for bench scientists to effectively assemble and 
allocate those resources correctly to be able to achieve the ultimate aim of their 
experimental work. 
Based on these issues, the current study uses bench scientists from the University of 
Sheffield as a test-bed for further investigation. The purpose of the investigation is to : 
• find out the type of routine procedural activity which requires bench scientists to 
deal with multiple resources and different computational tools while undertaking multiple 
bioinformatics analysis work, 
• find out any work conditions set for the evolution of bioinformatics procedures 
(transformation from one experimental procedure in one situation to another). 
4.7 Summary 
1. This chapter provides the context and scope of the literature reviews for the 
current study in order to identify the suitable variables that would be used for data 
analysis at the later stages. A main problem statement was established so that the 
literature reviews could be undertaken within that context. 
2. An explanation of bioinformatics analysis for FAoGS was given in this chapter. 
The purpose is to identify any possible approaches for undertaking the FAoGS process. 
Understanding FAoGS enables the formation of relationships within the process and 
relates the issues identified within BIS. 
3. The concepts of information management and information services were 
discussed in this chapter. The reason is to provide linkages with the need for managing a 
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variety of diverse biological information and heterogeneous resources for supporting 
bench scientists in undertaking bioinformatics analysis work. 
4. The concept of Bioinformatics Information Space (BIS) was explained in order to 
identify the elements which become the focus for this study. The purpose is also to assist 
in understanding the inter-relationships between those elements and to relate them with 
issues identified in BIS. 
5. The issues within BIS were identified using nine variables under four main 
components. The issues were discussed individually under four sections and a summary 
of those issues was produced at the end of this chapter. The purpose of the summary is to 
give a holistic view of the issues prevalent within BIS, which are the focus of the current 
study. 
88 
Chapter Five 
Chapter Five 
Case Study 
5.1 Introduction 
Case Study 
This chapter discusses the organisation and participants selected as the case study. It 
provides an explanation of the methods and techniques used for data collection 
together with the research aims of each participant. The outcome from the pilot 
interviews and the approach taken to overcome data collection limitations are set out. 
This chapter explains the phases of the interview sessions for the case study data 
collection. Finally this chapter concludes with a preliminary overview of the 
bioinformatics analysis work as part of the initial data analysis. 
5.2 Case Study 
The University of Sheffield was chosen as a case study for the current research due to 
the excellent reputation of three of its departments involved in the research area of 
Molecular Biology. In fact, the University of Sheffield was one of the universities in 
the United Kingdom that had successfully obtained a 5* ranking in the 2001 RAE 
assessment for its active involvement in research and development (R&D) within the 
area of molecular biology. 
There are three departments within the Faculty of Pure Science that are directly 
involved in Molecular Biology research. These are the Departments of Biomedical 
Sciences(BS}, Animal and Plant Science(APS} and Molecular Biology and 
Biotechnology(MBB}. Information relating to the areas of research interest of the 
academics and research students attached to these departments are provided by the 
respective departmental web sites. A profile of each departmental website is outlined 
below: 
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1) Biomedical Sciences (BS): From its official website, the department of BS 
focuses on the application of modern molecular biology to the study of cells and their 
organisation into tissues. In particular, it emphasises the eventual application of the 
knowledge gained to the fields of human biology and medicine. The department 
supervises research areas categorised according to the following themes: 
Developmental Genetics, The Biology of the Cell, Physiology and Pharmacology, 
Models of Human Disease, Neuroscience and Regenerative Medicine. 
According to the BS website, the department has an outstanding reputation for its 
quality and breadth of expertise in the niche areas of research mentioned above. For 
this, the department has achieved the highest research performance index (5* rating). 
Within the department, there are two internationally recognised centres of research 
excellence known as the MRC Centre for Developmental and Biomedical Genetics 
and the Centre for Stem Cell Biology. 
2) Animal and Plant Science (APS) - Through its website, the department of APS 
promotes the fact that its research activities are based on whole-organism biology. 
This is achieved by using a wide variety of methodologies, ranging from remote 
sensing at the global scale to the latest techniques (e.g. genomics, proteomics) at the 
molecular scale. The aim of its research activities is to understand how organisms 
function, from the molecular level to their role in ecosystems. The Department is 
renowned for the diversity of organisms that it studies, with a strong reputation in 
plant science, zoology and microbial ecology. According to the information supplied 
by the APS website, this diversity, coupled with its size and international reputation, 
has clearly placed APS in the top league of organismal biology departments. 
The APS web site categorises the department's research areas according to the 
following research themes: 
Biodiversity and Conservation: This research group centres around four main themes: 
(i) the determinants and consequences of patterns in biodiversity, (ii) biodiversity and 
ecosystem function, (iii) overexploitation, habitat loss and degradation, introduced 
species and extinction cascades, (iv) conservation and ecosystem management. 
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Evolution and Behaviour: The focus of the evolution and behaviour research group is 
on the evolutionary and mechanistic bases of behaviour. Research in both areas is 
strong and supported by the location of the NERC-funded Sheffield Molecular 
Genetics Facility within this research group. 
Global Change Biology: The Global Change Biology Research Group is at the 
forefront of research into the effects of climate and atmospheric change on plants, 
plant environmental and biotic interactions and molecular plant physiology. 
Plant Molecular Science: Research in plant biology covers a broad spectrum of 
topics, from whole plant interactions with the abiotic and biotic environment 
(microbial and fungal) to the precise analysis of metabolic pathways. 
Population and Community Ecology: The group is at the cutting edge of addressing 
pure and applied issues in ecology. These include the importance of species diversity 
and interactions in the provision of ecosystem services, the impact of pollutants, 
disease and invasive species on communities. 
3) Molecular Biology and Biotechnology (MBB) - the MBB website states that 
research in this department involves the study of the molecular aspects of biology, 
particularly those in the field of Biochemistry and Genomics, Cell Biology and 
Genetics, Structural Biology and Molecular Microbiology. Located between the 
department of BS and APS, MBB is intensively involved in the area of molecular 
biology. This department also received the top 5* rating in the most recent Research 
Assessment Exercise (RAE). 
Research by the academic staff in the department and associated institutes 
encompasses the areas of: -
Biochemistry and Genomics: There are four overlapping areas in this group involving 
research into nucleic acid and protein science, photosynthesis and plant molecular 
sciences, molecular immunology, and gene expression 
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Cell Biology and Genetics: This research group employs an array of genetic and 
biochemical methods in investigating fundamental processes in eukaryotic cells of 
microbes and multicellular organisms. This work has implications for human health, 
biotechnology and agriculture. 
Structural Biology: This research group uses the four complementary techniques of 
X-ray protein crystallography, nuclear magnetic resonance spectroscopy (NMR), 
cryo-electron microscopy (cryoEM) and bioinfonnatics to explore in atomic detail 
systems of fundamental and medical importance. 
Molecular Microbiology: The Molecular Microbiology Group has three overlapping 
themes. These involve research into the area of micro-organisms of medical, industrial 
and environmental significance. This area is divided several research themes such as 
molecular physiology, molecular pathogenicity and environmental microbiology. The 
research into molecular physiology would involve an understanding of the 
fundamental principles governing the life of bacteria. This is crucial since it will 
provide a framework for new methods of control and exploitation. Some research 
examples include stress resistance (metal ions, starvation, etc), differentiation, 
motility, aerobic/anaerobic switching, metabolism etc. 
Molecular pathogenicity involves the study of infectious diseases, which are a major 
killer and cause of human suffering around the world. The epidemic spread of 
antibiotic resistance makes the development of novel drug targets and vaccines of 
crucial importance in confronting infectious diseases. Some examples of research in 
this area are related to Staphylococcus aureus (septicaemia), Campylobacter jejuni 
(food poisoning), Salmonella typhimurium (food poisoning) and Helicobacter pylori 
(ulcers). 
Important for many areas of biotechnology, environmental microbiology relates to 
how microorganisms survive, grow and interact in their natural environment. Some 
research examples here are Bioremediation and life in extreme environments (high 
salt, poor nutrients). 
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The department of MBB also has a close interdepartmental research link with two 
University of Sheffield research centres of excellence, The Krebs Institute and The 
Robert Hill Institute. 
5.3 Participants in the Study 
The participants in this study were contacted via email. Each departmental website 
had listed the names, email addresses together with the research areas and interests of 
each academician, post-doctorate scholar and PhD student. Information relating to the 
research areas and interests became the main sources for identifying potential 
participants in the study. From this information, it was simple to recognise whether a 
participant's use of information involved bioinformatics resources or otherwise. 
E-mails were sent out to potential participants selected from the departmental 
websites. (See examples as per Appendix A and B). Upon agreement to participate in 
the study, the participants were then asked to arrange a suitable time and date for 
interviews. This was to ensure that the interview sessions did not impinge on their 
normal working patterns. The number of questions forwarded to the participants was 
limited by the time allocated for each of the interview sessions, which in this case was 
45 minutes. At the end of the first interview session, participants were asked whether 
they would be willing to partake in the validation of findings and any other matters 
derived from previous interviews. 
Ten bench scientists from three departments agreed to participate in this study. They 
were referred to as Bench Scientistl(BSI)" BS2 and so on. Through e-mails, potential 
participants were also assured that their participation would be anonymous and 
confidential. Only their research aims were explicitly stated in this study. Each 
participant's scientific research work was examined against the backdrop of his or her 
various personal and departmental research aims. 
These research aims are listed as per Table 5-1: -
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Table 5-1: Participants' Research Aims 
Participants Case Study Sample 
BS 1 To analyse the influence of environments to the surface protein of 
Staph Aureus (MBB). 
BS2 To study the role of a non-metal element (sulphur) in the resistance of 
Staph Aureus (MBB). 
BS3 To discover target surface proteins for Staph Aureus (MBB). 
BS4 To identify and characterise staphylococcal components expressed 
during human infection (MBB). 
BS5 To identifY and characterise Staph Aureus components which are 
recognised by human serum (MBB). 
BS6 To derive the throphoblast stem cells from human embryonic stem 
cells (BS). 
BS7 To investigate the prognosis for various types of lung cancer cells 
(BS). 
BS8 To assess the merits of using morphological data and molecular data to 
clarifY evolutionary relationships within the Choanoflagellida 
(Protozoa) (APS). 
BS9 To analyse the function of the jagged2 gene during the process of 
palatogenesis using a mouse model (BS). 
BS 10 To analyse the influence of overexpressed E-Coli Tile A and B to the 
physiology and metabolites of Arabisdopsis Thaliana and Transkitosis. 
(APS). 
In this study, categorising participants into distinct groups of academicians, post-
doctorate scholars and PhD students was not a priority. The focus of study here is on 
the participants' experimental work processes. 
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5.4 Interview Management 
Before conducting the interview sessions with the participants, techniques for 
undertaking interviews were reviewed and analysed. This was to ensure that the most 
appropriate interview technique was selected for the primary data collection. The next 
step was to design an appropriate and relevant interview protocol format for gathering 
the necessary data. The interview sessions were conducted in three phases: the pilot 
phase, I sI phase and 2nd phase. 
Interview data were obtained through tape recording, with permission from the 
participants, and transcribed for data analysis. Each participant was treated 
anonymously and with confidentiality. In this study, each interview transcript was 
initially analysed and treated individually. The results of the individual analyses were 
then grouped and treated as a single case. The research aim of this single case is to 
determine the putative function of a gene sequence. This forms the basis of the 
discussions in Chapters Six and Seven. 
5.4.1 Types ofInterview Techniques 
Several types of interview techniques were identified. The strength and limitations of 
each technique were determined before decisions were made regarding the suitability 
of an interviewing technique for use in this study. The following are the main 
interviewing techniques considered for the study. 
Unstructured interviews: The unstructured interview technique is considered useful 
if a researcher wishes to obtain a general understanding of a specific issue, problem or 
domain of study. This is especially relevant to researchers who are unfamiliar with, or 
have limited knowledge of, the domains under scrutiny (Rasmussen et al. 1994). 
Seamster et al. (1997) described the unstructured interview as a type of interview 
based on general, flexible, open-ended questions. It is normally used in the 
preliminary stages of study and is particularly suited to research on data that involve 
cognitive task analysis. This interview method also provides researchers with general 
information pertaining to the research tasks, with particular focus on the sequences of 
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the tasks and activities. Rasmussen, Pejtersen et al. (1994) further suggested that 
unstructured interviews could be employed for the preliminary identification of work 
domains of interest. Unstructured interviews could also be designed to obtain a 
conceptual understanding of the problem-solving strategies used by domain experts 
(Al-Zahrani 2001). 
Collecting data through the unstructured interview method, however, has its 
limitations. Some of the limitations were that: 1) the interview sessions using this 
technique tend to exceed the allocated time frame and 2) the information provided by 
the interviewee might be too general and irrelevant to what is actually required for the 
next phase of data analysis (Odhiambo 2000). Kendall and Kendall (1995) noted that 
the unstructured interviewing session appears to resemble a conversation dominated 
by the domain expert. As such, information provided by domain experts could be 
massive and unrelated. This would introduce various levels of complexity in the data 
collected using this technique. Due to this complexity, it would be difficult for the 
interviewer to review and analyse the data obtained from this interview technique. 
Structured Interview: The structured interview is a technique that provides a 
planned and straightforward approach to conducting an interview. The advantage here 
is that questions are explicit and direct and the interview session may be conducted 
within the time allocated for the interview session (Odhiambo 2000). Data collected 
using this interview technique seem reliable and evaluation to the data is easy 
(Kendall and KendallI995). However, one of the main limitations of this technique is 
that it would be difficult for interviewers who have limited knowledge of the domain 
of interest to construct the interview questions. As such, interview responses might be 
too brief for consideration. In addition, it would be quite difficult to probe any 
questions during the interview session. A good rapport with the interviewee would 
also be required if this technique is to be employed (Summers 1992), which might be 
difficult to achieve in the first interview session. 
Semi-structured interviews: This interview format would allow the experts, in this 
case the bench scientists, to recount their experience in their own words and to discuss 
what they consider to be important, while still allowing the interviewer to ensure that 
the key points are covered (Bartlett and Toms 2005). It is considered a popular and 
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effective method when addressing views from target samples (AI-Zahrani 2001). 
For the first phase of data collection, the current study employed the unstructured 
interview to obtain primary data. A semi-structured interview technique was then 
adopted for the in-depth stage of interview sessions. This in-depth phase of interview 
sessions involved the validation of the previous findings. 
Reasons for choosing unstructured and semi-structured interviews 
The reasons for deciding on the use of unstructured interviews were: -
1) With limited knowledge on scientific analytical work in the biological domain in 
the early period of the study, the use of unstructured interviews for data collection 
would help the researcher gain a greater understanding ofthe domain. 
2) It is important to acquire a wider picture of the experimental work conducted by 
bench scientists and to establish how such work is linked to how these scientists use 
information within the context of their information environment. 
The reasons for deciding on the use of semi-structured interviews at the later stage of 
data collection were: -
1) The target sample for this study is small. Ten participants agreed to participate and 
from these, only four agreed to be involved in the further validation process. 
2) The objective of this study is to investigate the interaction between the bench 
scientists and their information, particularly during the Functional Analysis of Gene 
Sequence (FAoGS) process. This investigation involves the study of how bench 
scientists incorporate bioinformatics analysis into their scientific analytical process. 
Therefore the use of semi-structured interviews helps the researcher in orientating the 
key questions that are necessary to obtain relevant information. 
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5.4.2 Interview Protocol Prellaration 
The first set of interview protocols was prepared at the early stages of primary data 
collection. These protocols were validated by pilot interviews in order to determine 
the suitability of questions in eliciting relevant data for analysis. The results obtained 
from the pilot interviews suggested that those questions required certain 
modifications. The first pilot interview with bench scientist BSl, for example, showed 
that data gathered from the first interview questions did not provide enough 
information in depicting the bench scientist's experimental work processes. Thus it 
was impossible to use the data for further bioinformatics work domain analysis. It was 
difficult to capture the information needed and used by the bench scientists. To 
overcome the limitations for the first set of interview protocols, the initial interview 
questions were redesigned using the Schematic ~iagram of Analytical Process 
(SOAP) devised by Saunders and Parkes (1999) as a guideline (see Figure 5-1). 
The reason for choosing SOAP here was to assist in collecting data for subsequent 
scheduled interview sessions. Following the SOAP method, all questions that lead to 
, 
the interview protocols were developed from the analytical steps shown in Figure 5-1. 
This is to ensure that the bench scientists do not miss out on any of the experimental 
steps. Simultaneously, the interviewer may be able to probe any questions within each 
of the analytical steps explained by the bench scientists. Although the interview 
protocol was designed in a structured manner according to the SOAP format, the 
interviewees were also provided with a certain degree of flexibility in explaining their 
analytical work. This was to incorporate value-added information that might be of use 
in the data analysis phase. 
To further ensure that the new set of interview protocols was able to provide 
significant and relevant data for subsequent data analysis, some of the questions 
redesigned for the main interview sessions were adopted from those devised by 
Bartlett (2001). The current study shares some similarities with the work undertaken 
by Bartlett (2001). In the latter, the aims of the interview protocol were to study 
information seeking behaviour and information use patterns from bioinformatics 
resources. 
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Figure 5-1 : Schematic Diagram o f the Analytical Process 
There are several reasons for incorporating interview protoco ls (Bartlett 200 I) as a 
means of support for the SOAP scheme (Saunders and Parkes, 1999). SOAP broad ly 
describes a sequence o f ana lyti ca l processes undertaken by the bench scientists in the 
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context of a wet laboratory environment. The diagram does not explain and represent 
any features ofbioinfonnatics analysis work or elaborate the steps. In addition, it does 
not describe or specify the kind of infonnation that flows within the bioinfonnatics 
analysis work or that of the wet laboratory. As such, the SDAP representation will not 
be able to indicate the stage where bioinfonnatics analysis is nonnally undertaken nor 
the context within which it is perfonned by the bench scientists. 
The aims of the primary data collection phase are to comprehend the nature of 
bioinfonnatics analysis and establish the features of bioinfonnatics work, the kind of 
infonnation used by the bench scientists and the flow of infonnation in relation to 
their analytical work processes. Such factors would be essential for establishing 
recommendations for effective infonnation management systems and services for 
bioinfonnatics research activities. This is made more important by the fact that 
bioinfonnatics analysis is now regarded as a crucial supplement to scientific 
experimental methods (Goble, 2001), such as for material processing (Brazma 2001). 
The new set of interview protocols incorporating Saunder and Parkes's (1999) SDAP 
diagram and Bartlett's (2001) interview scheme were piloted again, this time with the 
second bench scientist (BS2). The interview protocols were redesigned for the purpose 
of obtaining the following infonnation: 
a. to identify the functional purpose ofbioinfonnatics work, 
b. to identify the workflow of the bench scientists. This would include the 
functions and processes undertaken by the bench scientists and their 
infonnation need and use, 
c. to identify any work conditions established by the bench scientists when 
undertaking bioinfonnatics work, 
d. to identify common bioinfonnatics resources use in bioinfonnatics work. 
The interview results revealed that significant and relevant data were collected using 
the new set of protocols. Following this, the decision was taken to utilise the final set 
of interview protocols for the ensuing phase of the interview sessions with other 
participants. The finalised interview protocols are attached as Appendix C. 
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5.4.3. Interview Sessions 
The interview sessions were undertaken once the protocols were finalised and ready 
to use. The pilot and I st phase interviews were conducted face-to-face. The follow-up 
and validation interviews were then carried out either by telephone or through e-mail 
correspondence. If the validation interviews required the examination of specific 
diagrams, face-to-face interviews were arranged. Each interview session was tape-
recorded and transcribed by the interviewer as soon as practicable afterwards. 
5.4.4. Pilot Interviews 
The first two interviews conducted with two bench scientists were considered as pilot 
interviews. These occurred in the period between November and December 2003. In 
principle, the role of the pilot interviews was to validate the applicability of the 
interview protocols as the tool for collecting relevant data. This was fulfilled by 
verifying whether the participants understood the questions and that they enabled 
sufficient information to be collected to proceed with further data analysis. 
The preliminary analysis of the first session of pilot interviews proved that the initial 
interview questions required certain restructuring since they gathered a very limited 
amount of data at that time. In particular, the data collected using the first set of 
interview protocols were insufficient for analysing bioinformatics work domains. The 
second pilot interview was conducted using a new set of interview questions (as 
explained in Section 5.4.2). The data collected from this interview session proved that 
significant and relevant data could be gathered for the purpose of further data 
analysis. 
5.4.5. First Phase Interviews (Familiarisation and Exploratory) 
The first phase of interview sessions was undertaken from January to July 2004. The 
aim of this first phase was to gather appropriate data that provide information on the 
functions, purposes and work processes of bioinformatics analysis as well as the 
information needs of the bench scientists. 
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The analyses of the interviews were undertaken manually rather than through the use 
of software tools such as Atlas TI and NVivo. These software packages are examples 
of qualitative data analysis (QDA) tools that are normally used to designate code and 
label chunks of text, sounds, picture or video (Lewis 2004). The concepts of WDA 
(Rasmussen et al. 1994), HBM (Detlor 2003), Cybernetics (Ashby 1964) and VSM 
(Beer 1979; Beer 1985) were adopted for data analysis. The theoretical explanation of 
these concepts was discussed in-depth in the previous chapter (Chapter Two). The use 
of software tools was also rejected due to the small target sample used in the study. 
5.4.6. In-depth Interviews (Tasks-focus and Validation) 
The in-depth phase of the interviews was undertaken from October 2006 to JanuarY 
2007. The objectives of these interviews were: 
• to confirm findings concerning bioinformatics analysis work from the previous 
interviews, 
• to gather additional data in relation to bench scientists' experimental work. 
This phase was conducted with four bench scientists who had been previously 
interviewed during first phase of data collection. In this phase, semi-structured 
interviews were used. All the interviewed bench scientists were involved in the 
process of determining the putative function of gene sequences. These bench 
scientists work in the Molecular Biology and Biotechnology departments and are 
specifically involved with Molecular Microbiology Research. 
In this phase of the interviews, the general functions presented in the Abstraction 
Hierarchy (AH) were validated and verified. This was then followed by several 
questions concerning bioinformatics work. Basically, the questions related to the 
'general functions' as stated in the AH. The purpose of the questions was to obtain a 
detailed understanding of the bioinformatics analysis process. Therefore, in the in-
depth interviews, the questions used to gather data were adapted from (Bartlett 2001). 
In-depth interview questions were used twice during the data collection phase to 
further confirm the details ofthe processes ofbioinformatics analysis. 
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5.4.7. Validation Stage 
The objective of the validation stage was to verify the flow of bioinfonnatics work 
shown in the Abstraction Hierarchy (AH) and the Process Recursion Model (PRM). 
This phase was perfonned after the AH and PRM had been fonnulated. The validation 
stage was undertaken with the bench scientists who were participating in the in-depth 
interviews phase. 
There are two phases of validation. The first phase involves checking the AH or the 
functional inventory map. At this stage, bench scientists were asked in detail about the 
correctness of the functional elements represented in the diagram. In accordance with 
their comments, changes were then made. Simultaneously, the bench scientists were 
asked further questions in relation to aspects of the bioinfonnatics work processes that 
remained unclear. 
The second validation stage was undertaken to verify PRM with the bench scientists. 
At this stage, bench scientists were asked to comment about the transitions of work 
situations of the identified work situations. Next, the bench scientists were asked to 
check whether the bioinfonnatics work procedures allocated within each work 
situation were correct. Modifications were then made to these procedures in 
accordance with the scientists' comments. 
5.5 Preliminary Overviews of Bioinformatics Work 
Before applying Work Domain Analysis (WDA) to the interview data, a series of 
preliminary overviews of the bench scientists' infonnation-based experimental 
activities were produced based on the following questions: 
I) What is the main purpose of conducting bioinfonnatics analysis work? 
2) How does bioinfonnatics analysis support the bench scientists' research work? 
The above questions were crucial in supporting the primary data collection phase. 
They revealed infonnation that enabled the interviewer to probe progressively across 
103 
Chapter Five Case Study 
interview sessions with questions concerning the bench scientists' experimental 
activities. Subsequently, the SDAP (Saunders and Parkes, 1999) procedure was also 
modified to reflect the nature of this data collection process. The modified diagram 
also served as a parameter when deriving further questions for successive interview 
sessions. 
Figure 5-2 illustrates the modifications made to SDAP (Saunders and Parkes, 1999). 
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The interviews also revealed that the participating bench scientists had perfonned 
experimental activities in both wet and dry laboratory environments. Furthennore, 
they had adopted the infonnation-based approach in dealing with their experimental 
work. Almost all the bench scientists interviewed described such an approach as 
'bioinfonnatics analysis'. In essence, bioinfonnatics analysis assists them in the 
preparation for getting the right sequence samples for further hypothesis testing before 
final confinnation was sought in the wet laboratory environment. This was attested to 
by bench scientist BS2 in her interview protocol. 
5.6 Summary 
1. This chapter introduces three departments within the Faculty of Science in the 
University of Sheffield that were chosen as case studies for the current research. All 
participants involved in the current interviews were located in these departments. 
2. Following the brief profiles of the participants' research activities, bench 
scientists who pursued a common area of research, such as detennining the putative 
function of a gene sequence, were subsequently interviewed. 
3. The techniques adopted and the limitations of current practices in conducting 
interviews with the bench scientists were discussed. The latter issue is crucial in 
justifying the reliability of the findings obtained from the interview sessions. 
4. Preliminary overviews of bioinformatics work are summarised at the end of 
this chapter. The purpose for these overviews is to reveal certain background 
infonnation pertaining to the information-based experimental activities such as 
bioinfonnatics analysis. 
106 
Chapter Six Work Domain Analysis and Representation 
Chapter Six 
Work Domain Data Analysis and Representation 
6.1 Introduction 
The prevIous chapter discussed the case study management for the primary data 
collection phase and the preliminary findings obtained from the interview sessions. The 
current chapter explain the data analysis process which categorises the nature of bench 
scientists' bioinformatics analysis work into two states: the situation-independent state 
and the situation-dependent state. The first part of this chapter expounds the 
characteristics of situation-independent bioinformatics analysis in terms of Work Domain 
Analysis (WDA). This effort is represented by the Abstraction Hierarchy (AH) model as 
shown by Figure 6-1 below. Part Two discusses the analysis of the work domain in the 
situation-dependent state. Representing the processes of bioinformatics analysis at this 
level requires the adaptation of the Integrated Information Behaviour Model (lIB M). This 
enables the categorisation of bioinformatics analysis work situations as shown in Tables 
6-1 to 6-4. 
The observations made in this chapter, particularly those characterised by the Integrated 
Information Behaviour Model (IffiM), serve as a major input for the examination of 
bioinformatics work through the use of the Viable System Model (VSM). This will be 
discussed further in Chapter Seven. A critical discussion on the Abstraction Hierarchy 
(AH) representation, Integrated Information Behaviour Model (!IBM) and the Viable 
System Model (VSM) will then form the core of Chapter Eight. 
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PART ONE: Work Domain Analysis (WDA) for bioinformatics activities in the 
situation-independent state 
The aim of this section is to explain the steps taken in examining bioinformatics analysis 
work in the situation-independent state. The objective of applying WDA is for analysts to 
comprehend better the functional features of the work domain being studied. 
6.2 Representation of the Bioinformatics Analysis Work Domain 
WDA focuses on the work domain of bioinformatics analysis work that bench scientists 
perform irrespective of the specific processes this might entail and the prevailing 
situation during analysis. For this approach, several key questions have to be addressed, 
such as 'what are the functions of bioinformatics analysis?'; 'why do bench scientists 
need to perform such a function?'; 'what types of information are required from available 
bioinformatics resources to perform this function?' and 'how do bench scientists use 
bioinformatics resources and the information available to achieve their research 
objectives?' . 
To answer these questions, the current study utilises findings elicited from interviews 
conducted with a group of bench scientists during the primary data collection phase (in 
Chapter Five) as well as supporting evidence from the literature review (in Chapter Four). 
These findings further resulted in the formulation of an Abstraction Hierarchy (AH) for 
the respective bench scientists' work structures. Figure 6-1 illustrates this form of 
representation. In essence, it depicts the functional features of the work system in 
question and is further explained in Section 6.2.1 to Section 6.2.5. All the elements 
identified and visualised as functional features are represented by the five levels of the 
abstraction hierarchy, as discussed in Chapters Two and Four. In Figure 6-1, the process 
for examining the work domain of bioinformatics analysis could conveniently start from 
the middle level, which is the general function of the bioinformatics analysis. This 
follows the suggestion that it would be rather easy to determine the general functions 
using the terms that are found to be familiar in the interview transcriptions (Rasmussen et 
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al. 1994). The process of analysing bioinfonnatics analysis could then move upwards and 
downwards from the AH level. In the current study, the identification of the general 
functions was based on the rat!onalisation of similar and familiar tenns provided by each 
of the bench scientists during the interviews, particularly those that refer to specific 
processes or procedures. Elements that had been identified and visualised at each level in 
the Abstraction Hierarchy are further explained in the following sections. 
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6.2.1 Level 1 of AH: Functional Purpose 
At this level, the functional purposes of experiments would be detennined from the 
infonnation required by bench scientists. Essentially, this could be elicited from 
questions such as 'why do bench scientists need to allocate and use particular infonnation 
resources?' . 
Preliminary findings based on the literature review and general interviews as discussed in 
Chapter Five suggest that bench scientists perfonn various bioinfonnatics analyses 
involving experimental protocols or procedures, such as the preparation of samples, 
before testing a hypothesis. As such, bench scientists would need to utilise relevant data 
from numerous bioinfonnatics resources prior to carrying out those protocols or 
procedures. However, the preliminary findings set out in Chapter Five are not explicit 
enough in detennining the exact aim for undertaking bioinfonnatics analysis, particularly 
on specific protocols and the procedures adopted by bench scientists. Therefore, 
determining the functional purpose for conducting bioinfonnatics analysis fonns a key 
phase in the Abstraction Hierarchy (AH) model. This involves comprehending the nature 
of the analytical enquiries that scientists generate when undertaking experiments or 
laboratory work. Crucially, bench scientists need to perfonn a scientific analysis process 
in order to address specific experimental enquiries (Saunders and Parkes 1999). This is 
particularly true when assessing samples and sampling requirements (Saunders and 
Parkes,1999). The choice for the most appropriate method of preparing and testing a 
sample must be made on the basis that such an approach is capable of addressing a series 
of analytical enquiries relevant to the experimental work in question. 
Bench scientists undertake typical analytical enquiries during bioinfonnatics analysis 
(Hancock 1999). The current study suggests that such analytical enquiries could facilitate 
the identification of the relevant functional purposes of the experimental work undertaken 
by bench scientists. This appears to be a general finding from the interview data obtained 
during the data collection phase. Based on Hancock's (1999) work, the current study 
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evaluated the infOlmation obtained from recent interviews of bench scientists by making 
reference to the following list of functional purposes: 
Purpose 1: Aualytical enquiry: "Is the sequence complete and highly positive?" 
The interviews revealed that, in the course of experimental work, the participating bench 
scientists often need to establish whether their collections of DNA sequence fragments fit 
into entire sequences of similar and complete genomic configurations or not. They then 
need to ascertain if the characteristics of those complete DNA sequences are highly 
positive against those of the target genes. If this is confirmed, the scientists can regard the 
DNA analysis process concerned as significant work that merits further development. 
This was revealed in the interview with scientist BS3 who mentioned that the purpose of 
collecting entire complete sequences from extracted DNA fragment is to carry out further 
bioinformatics analysis for identifying relevant gene loci. A bench scientist is able to 
encode information pertaining to the Open Reading Frame (ORF) of any particular gene 
locus. These ORFs would in turn disclose the protein profile of the target genes. 
Therefore it is important to make sure that the complete sequence is not only complete 
but also highly positive for the desired characteristics identified by the bench scientists. 
Purpose 2: Analytical enquiry: "What does this sequence encode and is the sample 
obtained correct?" 
According to Hancock (1999), bench scientists perform bioinformatics analysis to find 
out what kind of information a particular sequence encodes. The interviews gathered in 
the current study also found that the bench scientists often encode information related to 
protein profiles contained within the sequences obtained. Following this activity, they 
need to confirm if those sequences are correct and the best samples. For instance, BS 1 
recalled how he had to compare a particular amino acid sequence with a corresponding 
protein profile in order to determine that the correct and best sample had been obtained. 
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Purpose 3: Analytical enquiry: "Is it homologous to anything else and do the 
homologues provide interesting information?" 
Hancock (1999) further suggested that bench scientists perform bioinformatics analysis in 
order to establish whether a particular amino acid sequence is homologous to any of the 
other sequences found in the database. From the interviews, it appears that such an 
activity is common in the work of bench scientists. Next, they might want to draw out 
interesting information from the homologues obtained. An example was found in the 
interview with BS4, who explained that the identification of protein similarities raises the 
prospect of finding a correspondence between a particular homologue and a protein 
sequence of interest, particularly in terms of protein features and functions. 
Moreover, scientist BS3 hypothesised that in a dry laboratory environment; any features 
and characteristics found in the homologues could potentially be similar to the unknown 
features of a target protein sequence. Such a hypothesis could then be tested in a wet 
laboratory environment in order to determine its validity. 
Purpose 4: Analytical Enquiry: "Does the sequence contain functional properties that 
determine the protein function and what is the protein 'sfunction?" 
According to Hancock (1999), bench scientists perform bioinformatics analysis to 
investigate the functions of proteins. The current study revealed that the bench scientists 
often determine the putative function of proteins by identifying the motifs, domains and 
functional sites of protein sequences. 
For example, BS2 described how she had successfully searched for matching regions of 
sequence between homologues that possess enzymatic functions. This would indicate that 
the gene of interest encoded within corresponding gene sequences are of the 
glucosamidase type. On the other hand, respondent BS4 found both glucosamidase and 
peptidoglycan hydrolase sequence regions in the searched homologues. In contrast, 
unlike BS2 and BS4, BSl had identified the presence of a particular LPXTG motif 
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sequence. This indicated that the analysed protein configuration had a cell wall binding 
characteristic and function. 
Besides using the region of enzymatic function and the cell wall binding attribute for 
identifying the characteristics of the target protein, bench scientists may also utilise other 
types of region information in order to establish a putative function for the protein. 
Researchers could also employ other methods for achieving the same objective, among 
them are molecular modification, transport, maintenance of structure, signal transduction, 
hormone- or toxin-receptor inhibitors and targeting (Baker et al. 1999). Furthermore, all 
the bench scientists interviewed further in the current study were involved with the search 
for cleavage site regions, which is another method for. determining the putative function 
of a protein. Among those interviewed, BSI was the only bench scientist who found the 
glycosylation site region and iron-transporter region from the homologues. 
6.2.2 Level 2 of AH: Abstract Functions 
The Abstract Functions level points towards the important task of identifying crucial 
elements or properties for achieving and sustaining the use of information and resources 
within a stable state work condition during bioinformatics analysis. Figure 6-1 represents 
the conceptual descriptions of these conditions as identified from the interview 
transcriptions in the current study. 
The Abstract Function level is indicative of issues that provide measures and 
justifications for the resources allocation for activities performed within the General 
Function level (Rasmussen et al. 1994). From the interview with scientist BS2, it was 
revealed that obtaining highly conserved gene locus with characteristics of interest and 
obtaining highly significant ORFs are two examples of conceptual descriptions at this 
level. 
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6.2.3 Level 3 of AH: General Functions 
Rasmussen et al. (1994) introduced the General Functions category to indicate core 
activities that scientists perform during bioinformatics analysis. The descriptions of those 
activities are outlined in Figure 6-1. They were deduced from the interview transcripts 
obtained for the current study. These descriptions were formulated by identifying and 
categorising common and familiar terms that bench scientists refer to while undertaking 
bioinformatics analysis. At this level, general functions were designated without 
considering their underlying process or physical implementation. 
Theoretically, the process of identifying General Functions within a particular experiment 
could be initiated by investigating the flows of information at the operational level of 
scientists' experimental work. The notion that information possesses in-flow and out-
flow attributes is an important assumption that could be reasonably established at the 
outset of any process of analysis by the bench scientists concerned. However, the Work 
Domain Analysis (WDA) method would not be adequate to reveal the nature of the 
information flow within the bench scientist's experimental work, in particular it would be 
blind to the type of situation that would trigger these flows of information. As such, 
further investigation concerning information flow will be made through the use of the 
Viable System Model (VSM) later in Chapter Seven. Based on the interviews gathered in 
the current study, the bench scientists' operational work could be categorised into three 
main functions, namely: Gene Preparation, ORF Determination, Protein Identification 
and Protein Characterisation. 
6.2.4 Level 4 of AH: Physical Functions 
The Physical Functions category denotes the operational parameters necessary when 
forming and sustaining the General Function activities described above. Different 
experimental work would require a different list of parameters. The parameters outlined 
under such a category were derived from the interviews conducted with participating 
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bench scientists in the current study. These may be seen in Figure 6-1. For example, 
common gene and genome sequences are a feature that propels activities in the ORF 
determination function. Another example is that protein-coding regions, homologue 
sequences and annotated contents display are important operational parameters in 
determining the answers to questions drawn from the Analytical Enquiry level. These 
questions could include "Is the sequence complete?" and "What does this sequence 
encode?" and should reflect operational parameters that are achievable by bench 
scientists. 
6.2.5 Level 5 of AH: Resources 
As shown in Figure 6-1, this category describes the type of data that bench scientists 
gather and utilise from appropriate resources, most of which are web-based information. 
These resources are important in supporting the General Functions described at Level 3. 
For example, to perform ORF Determination, bench scientist BS2 recalled how she made 
an attempt to obtain specific genome sequence data from NCBI in order to solicit the 
complete gene sequence for subsequent reference and analysis. However, since NCBI 
only provides a general overview of genome sequences, BS2 had to go further by 
extracting detailed genome sequences from the subspecies level from the TIGR web site 
in order to obtain the desired gene locus and ORF. 
Although this category represents the type of data and resources used by bench scientists, 
the manner in which these resources are allocated in accordance with the information 
need of those scientists is not defined at this level. 
6.3. The Abstraction Hierarchy (AH) for Bioinformatics Analysis Work Domain 
The interviews conducted for the current study are crucial for generating an overview of 
how bench scientists conduct experimental work in relation to bioinformatics analysis. 
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From the input provided by the participating bench scientists, a means-end structure in 
Abstraction Hierarchy (AH) for Figure 6-1 could be described as the following: 
6.3.1. Means-end structure 1: Is the sequence complete? 
At Level I, the purpose for conducting bioinformatics analysis is to determine whether 
the gene sequence is complete. To achieve this objective, the bench scientists need to 
perform Gene Preparation at Level 3. To ensure that they use relevant and appropriate 
resources, the measures proposed at Level 2 should be observed. Level 2 provides 
descriptions of the measures required for resource allocation. These are: 
• to obtain correct restriction sites within the whole retrieved DNA sequence, 
• to obtain significant parameters for the parameters. 
The resources used (at Level 5) are identified as: 
• Biosoft International, 
• Net Primer, 
• Visual Cloning. 
The bench scientists would then need to perform activities related to the Gene 
Preparation particularly in dealing with the physical properties of the bioinformatics 
analysis. These physical properties (at Level 4) are: -
• the whole DNA sequence of the target organism, 
• the restriction sites from the retrieved whole DNA sequence, 
• the region of common gene and genome sequences. 
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6.3.2. Means-end structure 2: What does this sequence encode? 
At Level 1, the purpose for conducting bioinfonnatics analysis is to ascertain what this 
sequence encodes. To achieve this objective, bench scientists perfonn the ORF 
Detennination function at Level 3. To ensure that they use relevant and appropriate 
resources, the measures proposed at Level 2 should be obeyed. These measures 
acknowledge the need: 
• to obtain a highly conserved gene locus with the desired characteristics of interest, 
and, 
• to obtain highly significant and prominent ORFs. 
The resources used (at Level 5) are identified as: 
• TIGR, 
• NCBIITIGR, 
• BLAST tool. 
Bench scientists would then need to perfonn activities pertaining to the ~ ORF 
Determination function when dealing with physical properties in bi?infonnatics analysis. 
These physical properties, as shown as Level 4, are: -
• the region of sequences between the start and stop codon, 
• the protein coding region or DNA coding region. 
6.3.3. Means-end structure 3: Is it homologous to anything else? 
At Level 1, the purpose of conducting bioinfonnatics analysis is to determine whether a 
particular gene sequence is homologous with other gene sequences. To achieve such an 
objective, bench scientists would have to carry out the Protein Identification function at 
Level 3. The measures proposed at Level 2 should be observed to ensure that only 
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relevant and appropriate resources are used during analysis. These measures highlight the 
need: 
• to obtain high percentage similarity and identity between gene sequences of 
unknown function and existing gene sequences with a known function; 
• to obtain high percentage similarity and identity between gene sequences of 
known function with existing gene sequences; 
• to obtain high percentage similarity between paralagous and orthologous amino 
acid sequences with other sequences of either the same or different species. 
The resources used at LevelS are identified as: 
TIGR, 
NCBI. 
The interviews with bench scientists revealed the need to perform activities related to 
Protein Identification functions when dealing with the physical properties of 
bioinformatics analysis. These physical properties (at Level 4) are associated with the: -
Annotated contents display, 
• Homologues sequences for unknown protein functions, 
• Homologous sequences for characterised proteins, 
• Homologous sequences for paralagous and orthologous protein family members. 
6.3.4. Means-end structure 4: What is the protein's function? 
At Level I, the purpose for conducting bioinformatics analysis is to find out about the 
functions of the protein. To achieve this objective, bench scientists would perform the 
Protein Characterisation function at Level 3. To ensure that the bench scientists use 
relevant and appropriate resources, the measures proposed at Level 2 should thus be 
observed. These measures are identified as the following: 
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• to obtain highly conserved putative domain and motif sequences within the amino 
acids of the target genes, 
• to obtain high scores for signal peptide and glycosylation sites within the amino 
acids of the target genes, 
• to obtain high values for hydrophobic regions within the amino acids of the target 
genes. 
The resources used at LevelS would be: 
• TIGR, 
NCBI, 
db Services, 
• BLAST tool, 
• SignalP - ANN and HMM algorithm, 
• SignalP - NetGlyc and NetOGlc, 
• Topred - Heijne algorithm. 
The bench scientists need to perform activities related to the ORF Determination in 
dealing with the physical properties of the bioinformatics analysis. These physical 
properties (at Level 4) are: -
• Annotated contents display, 
• Homologues sequences, 
• Cell wall binding site, 
• Terminator site, 
• Iron transporter site, 
• Signal peptide region, 
• Hydrophobicity values, 
• Enzymatic function, 
• Glycosylation site. 
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6.4. Summary of The Findings 
• Figure 6-1 illustrates the conceptual descriptions of functional elements that form 
each level of the Work Domain Abstraction Hierarchy (AH) for the bench 
scientists interviewed. This has been described in terms of the inventory of 
purpose or objectives (Level 1), abstract (Level 2), general (Level 3), physical 
functions (Level 4) and resources used (Level 5). 
• the representation shown in figure 6-1 outlines the functional structure of the 
bioinformatics analysis. It enables researchers to comprehend the prerequisites for 
performing experimental work on the subject matter. 
In terms of the means-end structure: 
• Figure 6-1 demonstrates the role of General Functions at Level 3 in enabling 
bench scientists to provide some biological answers in relation to the four general 
types of analytical enquiries at Level 1. 
• The diagram also indicates that the use of Resources at Level 5 was in turn 
required to support the General Functions at Level 3. 
• Such representation suggests the crucial role of Resources at Level 5 in sustaining 
the General Functions at Level 3, which would in turn circumscribe the desired 
information as a measured and conditioned output under the Abstract Functions 
category at Level 2. 
• The role of Physical Functions at Level 4 is to support General Function activities 
at Level 3. The latter sets the parameter for achieving the functional objectives of 
Level!. 
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Overall, the aim of the Abstraction Hierarchy (AH) is to represent the basic features of 
the bioinformatics analysis work domain, rather than revealing the complexities of 
bioinformatics analysis work. Further discussions of these findings and issues are 
available in Chapter Eight. 
PART TWO: Work Domain Analysis for Bioinformatics Activities in the Situation-
Dependent State 
In this situation, the focus of the experimental work is the Functional Analysis of Gene 
Sequence (F AoGS) Process. There is a need to address several key questions prior to 
undertaking this analysis. These questions range from "what type of procedures do the 
bench scientists perform?", 'in what kind of situation do the bench scientists need to use 
information fr<?m bioinformatics resources?", "why and what type of information does 
the bench scientist normally access and retrieve from these resources?" to "how do the 
bench scientists use information obtained from those resources?". To respond to such 
questions, the current study of bioinformatics work domain analysis will now adopt the 
'information use' environment as suggested by Detlor (2003) in the IIBM concept. The 
objectives for this effort are: 
I) To describe the work and information situations of bench scientists within the context 
of their information environment, 
2) To identify states of information use within the context of 'need-seek-use' activities 
that are dominant in the bioinformatics analysis work setting, 
3) To investigate the transformation of work situations in bioinformatics analysis work 
within the context of information 'need-seek-use' activities. 
To achieve the above objectives, information 'need-seek-use' activities are investigated 
in relation to the four types of analytical enquiry previously outlined in Part One under 
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the Functional Purpose category of the Work Domain Analysis (WDA). These analytical 
enquiries provide the means for identifying four corresponding variables within the 
Integrated Information Behaviour Model (IIBM). The activities for each piece of 
bioinformatics analysis work can be appropriately identified and represented in terms of 
four variables: problem situation, problem dimension, information traits and information 
use. These variables are described as follows: 
Problem situation: For the current study, this refers to situations that require bench 
scientists to elicit certain infOlmation from bioinformatics resources and perform 
particular actions to fulfil their work purpose. 
Problem dimension: This is the prevalent characteristic of a particular work situation. 
Information traits: This relates to the characteristics of the actual work output that 
bench scientists produce during bioinformatics analysis. These characteristics serve as a 
benchmark for the realisation of the stipulated objectives of the bench scientists' 
analytical work. 
Information use: This indicates how bench scientists utilise information output during 
bioinformatics analysis work. 
6.5. Depiction of Bioinformatics Analysis Work and the Information Situation 
The following descriptions from Table 6-1 to Table 6-4 illustrate a series of overviews of 
bench scientists' activities based on the interviews which form part of the current study. 
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Table 6-1: Work and Information Situation for analytical enquiry in relation to 
Functional Purpose 1 - "Is the sequence complete?": 
Problem Situation Problem Information Traits Information Use 
Dimension 
Retrieve whole DNA Bench scientists need Accurate DNA Select suitable 
sequence and identify to carry out this fragment (primer) restriction site from 
restriction sites. procedure sequence. the gene sequence of 
unknown function to 
I) to enable the produce DNA 
procedure for fragment. 
assembling DNA 
fragments; 
2) to obtain a 
complete gene 
sequence. 
Assemble DNA Bench scientists need Conserved/common Find and compare 
fragments and obtain to carry out this gene sequences. genome sequences 
complete gene procedure with each DNA 
sequence. sequence fragment. 
I) to enable the 
procedure of gene loci 
identification to be 
carried out; 
2) to perform mutant 
analysis in vitro. 
Identify Bench scientists need Significant gene loci. Find and select gene 
corresponding loci to carry out this loci that most closely 
using subspecies procedure to facilitate fit the desired 
sequence information. the prediction of characteristics. 
ORFs. 
Identify ORF from Bench scientists need List of prominent and Find and confirm 
selected gene loci that to carry out this significant ORF significant ORFs. 
possess the desired procedure to enable sequences. 
characteristics of the the translation of the 
gene loci of interest. ORFs. 
Translate ORF Bench scientists need List of matched Find and confirm the 
sequences predicted in to carry out this protein coding regions region of protein 
the selected gene procedure to enable (protein sequences). sequences. 
locus to obtain 
protein-coding region. 1) the identification of 
protein coding region 
for current gene with 
unknown function 
2) to check other 
types of protein 
within the gene loci of 
the previously 
identified protein. 
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6.5.1. Summary of the Overview in Table 6-1: 
a. Bioinformatics analysis work and information situations of bench scientists in the 
context of the current interview 
• The main objective of the first enquiry is to prepare gene samples. Bench 
scientists need to obtain a primer or a DNA fragment. 
• Bioinformatics analysis sub-procedures recognized from these work situations 
involve activities such as retrieving whole DNA sequences, identifying restriction 
sites and determining primer characteristics and similarity between the gene and 
the genome sequences. 
• In these work situations, the bench scientists require information that assists them 
in making appropriate actions and decisions. For example, they require 
information to determine whether the gene sequence of a target gene is similar to 
those of an existing genome. Information obtained from such a procedure would 
then allow the bench scientists to assemble DNA fragments into complete gene 
sequences. Once this procedure is complete, the bench scientists would take 
further actions and decisions such as identifying gene loci and deciding on the 
most significant locus among the identified gene loci. Once the most significant 
locus is identified, the bench scientists would go on to determine and decide the 
most prominent ORFs. 
b. State ofInformation Use 
The nature of information use pertaining to the first analytical enquiry outlined in the 
Functional Purpose category could be described as: 
• obtaining whole DNA sequence, 
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• identifying restriction sites, 
• assembling DNA fragments, 
• comparing and verifying similarities between two gene sequences, 
• identifying gene loci that possess putative information in relation to ORFs and, 
• identifying the characteristics of amino acid sequences. 
c. Transformation of Bioinformatics Work Situations 
This issue is discussed in terms of information 'need-seek-use' activities, which would be 
crucial in supporting all the bioinformatics analysis procedures that form the basis of the 
first analytical enquiry in the Functional Purpose category. The nature of the 
transformation of the bioinformatics work situation here involves: 
• finding suitable restriction sites for the primer (DNA fragment), 
• collating common sequences between the gene of interest and existing genomes, 
• finding corresponding gene loci from assembled gene sequences with' existing 
genome subspecies sequences, 
• finding and identifying the most prominent gene locus from among the identified 
gene loci, 
• predicting ORFs that possess specific protein characteristics within the identified 
gene locus, and 
• establishing the protein-coding region of identified ORFs. 
The information traits column in Table 6-1 indicates the extent of what would be gained 
by bench scientists from the bioinformatics resources with which they interact. Such 
information traits could then facilitate the transformation of the work situations found 
within the FAoGS process. Primarily, these information traits could be associated with: 
• DNA fragment (primer), 
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• conserved or common gene sequences, 
• corresponding gene loci, 
• list of ORF sequences, 
• list of amino acid sequences. 
Table 6-2: Work and Information Situation for analytical enquiry in relation to 
Functional Purpose 2 - "What does this sequence encode?": 
Problem Situation Problem Information Traits Information Use 
Dimension 
Translate ORF Bench scientists Accurate protein- Obtain protein-coding 
sequences. perform this coding region. region for each ORF. 
procedure either 
1) to establish protein 
profile 
2) to obtain amino 
acid sequences that 
reflect the desired 
protein characteristics. 
Search ORFs Bench scientists Significant ORF Ascertain putative 
sequence similarity perform this information. characteristics and 
and establish protein procedure functions of the 
profile. current ORF 
1) to assist in sequences based on 
searching for annotated protein 
homologues in order information. 
to determine the 
functions of gene 
sequence 
profiles. 
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6.5.2. Summary of the Overview in Table 6-2: 
a. Bioinformatics Analysis Work and The Information Situations of Bench Scientists 
in the Context of the Current Interview 
• The main objective of the ftrst enquiry is to determine the ORF sequences and 
encode any relevant information in relation to the ORFs. 
• The main objective of the second enquiry is to identify the name and encoded 
information of protein sequences obtained from the preceding bioinformatics 
analysis work procedure related to the ftrst enquiry. 
• The work situations associated with this second enquiry involve activities such as 
translating ORF sequences into protein sequences, searching for sequence 
similarities between the translated amino acids obtained from ORFs and the 
protein sequences from databases, establishing the protein proftle, determining the 
putative functions of gene sequences and conftrming the consistency of the 
encoded protein information with the desired characteristics of the target protein 
proftles. For example, encoded protein information could be utilised to ascertain 
the features of surface proteins, whether they are either anti genic or iron-regulated 
by nature. 
• In these work situations, bench scientists would gather information about existing 
protein proftles as well as corresponding homologues from available databases. 
Interviews obtained in the current study suggest that bench scientists often utilise 
both sources of information. 
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b. State of Information Use 
The nature of information use pertaining to the second analytical enquiry outlined in the 
Functional Purpose category can be described as: 
o identifying gene loci, 
o determining ORFs and selecting significant ORFs, 
o encoding annotated protein information for translated ORF sequences. 
c. Transformation of Bioinformatics Analysis Work Situation 
The nature of the transformation in the bioinformatics work situation here includes: -
o finding and translating amino acid sequences from the obtained ORFs, 
o finding the homologues of amino acid sequences, 
o establishing profiles of identified proteins and determine the putative functions of 
the gene sequences based on the encoded information. 
The information traits column in Table 6-2 indicates the extent of what would be gained 
by benGh scientists from the bioinformatics resources with which they interact. Such 
information traits could then facilitate the transformation of work situations found within 
the FAoGS process. Primarily, these information traits could be associated with: -
o a list of amino acid sequences, 
o consistent and relevant encoded information. 
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Table 6-3: Work and Information Situation for Analytical Enquiry in Relation to 
Functional Purpose 3 - "Is it homologous to anything else?": 
Problem Situation Problem Information Traits Information Use 
Dimension 
Search for similar Bench scientists need Accurate list of Extract encoded 
sequences to match protein homologue sequences. information from the 
(homologues) for the sequences for the homologue sequences. 
protein. target protein of 
unknown function 
with those of the 
existing protein 
database with known 
functions. 
Search for similar Bench scientists need Accurate list of Extract encoded 
sequences for target to search for similarity homologue sequences. information from the 
protein with .known between protein of homologue sequences 
function from existing known functions and and confirm the 
protein database with amino acid sequences protein type of current 
known function. from existing ORF. 
databases. 
Search for similar Bench scientists need Accurate list of Extract encoded 
sequences for to search for paralagous and information from 
paralogous or paralagous or othologous the paralagous and 
orthologous amino othologous amino homologue sequences. othologous 
acid sequences. acid sequences that homologue sequences. 
are similar between 
protein members. 
Search for Bench scientists need Significant Extract protein profile 
homologues' to search for homologue information from the 
descriptions. descriptions or profile descriptions. identified 
of the identified homologues. 
homologues. 
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6.5.3. Summary ofthe Overview in Table 6-3: 
a. Bioinformatics Analysis Work and Information Situations of Bench Scientists in 
the Context of the Current Interviews 
• The main objective of the third enquiry is to search and identify homologues for 
the target gene sequences. 
• Work situations associated with this type of enquiry involve activities such as 
comparing sequence similarities between target proteins and available proteins 
from databases. The sequence-similarity analysis is required to find the domain 
function and functional sites from homologue sequences. This would enable 
bench scientists to predict and hypothesise gene functions based on information 
found in the homologue sequences. 
• A sequence similarity procedure was also performed to fmd regions of similarity 
between the same or different protein family members. 
b. State ofInformation Use 
Information use pertaining to the third analytical enquiry outlined in the Functional 
Purpose category demonstrates the need to: 
• identify regions of similarity between amino acid sequences and homologues, 
• identify homologue profile descriptions. 
c. Transformation ofthe Bioinformatics Analysis Work Situation 
The nature of transformation in the bioinformatics work situation here includes: -
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• finding regions of similarity between amino acid sequences and homologues of 
target genes, 
• finding regions of similarity that indicate domain activities between family 
members of amino acid sequences and family members of homologues of target 
genes, 
• finding regions of similarity that confirm the cellular location of the target 
proteins. 
Information traits that support the transformation of work situations in the F AoGS 
process are: -
• list of homologue sequences; 
• list of homologue sequences for protein family members; 
• regions of similarity between amino acid and homologue sequences; 
• regions of similarity between family members of target genes with those of 
homologue sequences. 
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Table 6-4: Work and Information Situation for Analytical Enquiry in Relation to 
Functional Purpose 4 - "What is the protein's function?": 
Problem Situation Problem Information Traits Information Use 
Dimension 
Search for putative Bench scientists need List of sequence Identify patterns of 
domain activities of to search for putative patterns from the similar sequences 
target gene sequences domain activities of homologues. between target protein 
based on encoded current genes in order sequences with 
information in to homologue sequences. 
homologue sequences. 
I) determine the 
putative functions of 
protein via domain 
characteristics 
obtained from 
homologue sequences. 
Search and predict Bench scientists need The region of motif Identify motif 
cellular locations of to search and predict sequences. sequences and 
the target gene cellular locations of glycosylation 
sequences. the target gene sequence regions that 
sequences in order to indicate shared 
determine the putative features of protein 
functions of those sequences. 
genes. 
Search and predict sub Bench scientists need The region of signal Identify signal peptide 
cellular locations for to search and predict peptide sequences. sequences and 
target gene sequences. sub cellular locations topological states for 
in order to determine target gene sequences. 
the putative functions 
of genes based on 
membrane 
characteristics. 
Identify surface Bench scientists need The region of Identify 
probabilities of target to identify the hydrophobicity hydrophobicity values 
genes. proteins' cellular sequences. for target gene 
membrane type to sequences. 
determine putative 
functions of gene 
sequences. 
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6.5.4. Summary of the Overview in Table 6-4: 
a. Bioinformatics Analysis and Information Situatious of Bench Scientists in the 
Context of the Current Interview 
• The main objective of the fourth enquIry relates to the characterisation of 
proteins, in particular their physical properties. This form of characterisation then 
determines the type of function possessed by the target gene. 
• This work situation involves comparing sequence similarities between the target 
genes and homologue sequences. The sequence similarity analysis is also required 
to find regions of similar patterns that will determine the gene's domain activities, 
cellular location sites, signal peptide sites, glycosylation sites and the functional 
sites of the protein. 
• Procedures related to the fourth enquiry also support mutagenesis analysis, which 
involves activities such as translating amino acid sequences into DNA sequences, 
retrieving whole translated DNA sequences and identifying the restriction sites for 
DNA fragment production. 
Information traits necessary for supporting the transformation of work situations within 
the FAoGS process are: -
• list of sequence patterns that represent domain activities; 
• list of motif sequences that represent cellular locations; 
• regions of signal peptide sequences; 
regions ofhydrophobicity sequences; 
• regions of glycosylation sequences; 
translated DNA sequences; 
• regions of primer (DNA fragment) sequences. 
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b. State ofInformation Use 
Information use in relation to the fourth analytical enquiry outlined in the Functional 
Purpose category indicates the need: 
• to identify regions of similarity between amino acid sequences and homologues 
that provides putative domain activities for genes, 
• to identify regions of similarity between amino acid sequences and homologues 
that determines the cellular locations of proteins, 
• to identify regions of signal peptide sequences within amino acid sequences, 
• to identify regions of hydrophobicity values within amino acid sequences, 
• to identify regions of glycosylation sequences within amino acid sequences. 
c. Transformation of Bioinformatics Analysis Work Situation 
The nature of the transformation in the bioinformatics work situation includes finding: 
• regions of similar patterns that indicate domain activities between amino acid 
sequences and homologues, 
• regions of similarity that confirm the cellular location of proteins, 
• regions of sequence sites that in turn identify signal peptide, hydrophobicity and 
glycosylation sites, 
• regions of restriction sites that identify suitable DNA fragments. 
The information necessary for supporting the transformation of the work situation in the 
F AoGS process consists of: -
• lists of sequence patterns; 
• lists of motif sequences; 
• regions of signal peptide sequences in amino acids; 
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regions of glycosy lation sequences in am ino acids; 
regions of hydrophobicity sequences in amino acid sequences; 
region of D A fragments. 
6.6 Findings 
I. The change of state from one ana lytical enquiry to another shows that a li nk exists 
between each analytical enquiry in the FAoGS process. Figure 6-2 illustrates 
these links. 
transform transform 
is the sequence What does this is it homoiogous 
complete? sequence to anything eise? 
encode? 
transform 
What is the 
protein function? 
Figure 6-2: Overview of the Linear Transformation of Bioinformatics Work Situation 
2. The use of the IIBM model at thi s stage identifies the wo rk situations, information 
traits and the states of information use for each analytical enquiry during the 
F AoGS process. 
3. However, the control and coordination of acti vities in each work situation and the 
allocation of resources for those activities are unclear at thi s stage of the analys is. 
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Chapter Seven 
The Application of VS M to Bioinformatics Analysis Work Situation 
7.1 Introduction 
In the previous chapter, the results of work domain analysis that was conducted for 
situation-independent and situation-dependent states were presented. They were 
presented in the form of abstraction hierarchy and series of tables indicating work 
situations respectively. In contrast, the current chapter will investigate existing 
bioinformatics work in the context of information behaviour activities and discuss the 
process of diagnosing the viability of those activities in the Functional Analysis of Gene 
Sequence (F AoGS) process. In the current chapter, the bioinformatics work situations 
would be formulated in the form of a recursive structure. 
The diagnosis of bioinformatics activities would be conducted at each of the recursive 
level using the five prescribed functions of the Viable System Model (VSM). This 
chapter entails. the descriptions of the diagnosed tasks, derivation of diagrams that 
represent a basic process structure at each level of process recursions, viability features of 
the tasks and potential issues at each level of recursion. Summary of the diagnosis results 
for each process recursion level are presented in the form of tables. 
7.2 Context of Viability Diagnosis 
FAoGS is a process which requires bench scientists to perform a variety of experimental 
procedures in order to answers their analytical enquiries. To perform these procedures, 
bench scientists need to use a variety of types of sequence data from databases which are 
available from bioinformatics web sites. To determine the putative function of gene 
sequence, the bench scientists are responsible in allocating resources, monitoring and 
regulating multiple activities of bioinformatics work in order to ensure that the right data 
are being used for the right procedures and at the right time. 
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Viability diagnosis involves the process of identifying autonomous units or primary 
activities within bioinfonnatics work situations. These autonomous units should have 
viable characteristics. This would mean that they are able to cohesively adapt and be 
responsive to the changes in their working environment. In the context of current study, 
autonomous units are independent collection of bioinfonnatics work procedures. 
Bioinfonnatics work procedures were not fully highlighted in the previous chapter. In the 
current chapter, the use of VSM facilitates the diagnosis of bioinformatics work 
procedures as autonomous units, which should be capable of working collectively and 
adapt to evolving working conditions. To diagnose the viability of bioinformatics work 
procedures, a process recursive structure would have to be formulated and developed. 
The following section justifies the fonnation of such recursive structure, which would be 
represented in the form of Figure 7-1. This diagram outlines 5 levels of recursion of 
specific work situation. 
Each bioinformatics work procedure undergoes systematic diagnosis at each process 
recursion level. It facilitates greater focus in the process of diagnosis and reduces the 
degree of complexity so often perceived by researchers like (Bartlett and Toms, 2005; 
MacMullen and Denn, 2005). The systematic diagnosis would enable investigation into 
the viability characteristics of the bioinformatics activities at each recursion level. Two 
essential mechanisms for achieving viability are those of cohesiveness and adaptation 
(Espejo 2003). 
In the previous chapter, representations of work domains through the Abstraction 
Hierarchy (AH) and tabulations of analysis work situations were deemed incapable of 
revealing viability features of the bioinfonnatics work. In contrast, the current chapter 
aims to utilise VSM in diagnosing the viability of bioinformatics work procedures. 
Therefore, systematic diagnosis of each recursion level was made to see whether: 
• bioinformatics procedural activities are able to handle their work autonomously 
and collectively in order to achieve flexibility of the work system, 
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• there exists any type of work conditions for the evolution of the one work 
situation into another, 
• there exists any shared information among procedural units in any particular work 
situations, 
• there exists any information flows within the bioinformatics work system. 
In the context of diagnosis, bioinformatics work for FAoGS process would be treated as 
organisation. Treating this process as a total organisation could then reveal inter-
relationships between various procedural units in terms of functional processes and 
activities that occur within them. Such a notion forms the basis for comprehending the 
nature of bioinformatics work flow in terms of the recursive process. This is proposed in 
the following section 7.2. 
7.3 Recursive Levels Formation and Justifications 
The current study proposes the formulation of recursive structure in bioinformatics work 
and their respective levels based on prevalent WDA concepts and Schematic Diagram of 
Analytical Process (SDAP) introduced by Saunders and Parkes (1999). SDAP would 
reveal the sequential nature of common analytical processes, which in the context of this 
study need to be triggered by a key question in FAoGS process. The question, 'what is 
the putative function of this target gene' would initiate the work processes and the 
formulation of recursive structures. 
The following points summarised the development of the recursive structure and its 
respective levels as illustrated in Figure 7-1: 
1) Bioinformatics work for F AoGS process is perceived as a total organisation. F AoGS 
process is considered as the primary and main activity within the organisation. In Figure 
7-1, it is represented at the highest level of recursion. It contains multiple embedded 
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bioinformatics procedures that bench scientists operate in order to determine the putative 
function of a target gene sequence. 
2) The formulation of subsequent recursive levels is linked to the discovery of procedural 
units embedded in the primary activity and so on. This was identified by understanding 
major transformation ofbioinformatics work situation in the context of information need-
seeking-use activities. Receiving information traits as identified in Chapter Six are the 
conditions that terminate any actions within any current work situation. It is also become 
the conditions that initiate transformation of current work situation to another at the lower 
recursion level. 
3) Viability diagnosis would be carried out by referring to each recursion levels of the 
Process Recursion Model (PRM) as illustrated in Figure 7-1. Each entry in Figure 7-1 has 
its own recursive path. For ease of illustration, only one of the possible recursive 
pathways is shown. 
• Level of Recursion Zero (RLO) is about the situation of bioinformatics analysis 
work for FAoGS process; 
• Level of Recursion One (RLI) refers to the connection between bioinformatics 
work for FAoGS and its procedures for preparing a gene sequence sample. This is 
in the work situation for compiling complete gene sequence. 
• Level of Recursion Two (RL2) focuses at the activities of determining ORFs for 
encoding their annotated information. 
• Level of Recursion Three (RL3) concerns activities of identifying homologues for 
the target protein sequence. 
• Level of Recursion Four (RlA) concentrates on the activities for determining 
protein characteristics. 
• Level of Recursion Five (RLS) evaluates activities that determine protein 
function. 
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Functional Analysis of Bioinformatic work Recursion Level 
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7.4 Diagnosis of Current Bioinformatics Analysis Work Sitnation 
For the purpose of viability diagnosis, this study used the term 'procedural activities' to 
replace the term 'primary activities', which normally refers to the bioinformatics work 
processes. Diagnosis of current procedural activities needs to be performed for each 
recursion level to identify viability features and relevant issues. Two main viability 
features as mentioned earlier are cohesiveness and adaptation. The Abstraction Hierarchy 
(AH) outlined in Figure 6-1 (in Chapter Six) represents four general functions of 
bioinformatics analysis work (Gene Preparation, ORF Determination, Protein 
Identification and Protein Characterisation). However, using these identified and 
individual general functions alone is insufficient in determining the cohesiveness of 
procedural activities and whether they are adaptable to the changes that occur within their 
environments. 
The diagnosis stage can be performed in a variety of ways and does not prescribe a 
specific output (Ahmad and Yusoff 2006), Therefore, for consistency and tractability 
reasons, diagnosis of each recursion level in this study was undertaken by focusing the 
scope of formal procedural activities within the context of information need-seeking-use. 
A formal activity is defined as a descriptive statement that describes the major task 
required to be performed by bench scientists for each work procedure in a particular work 
situation. The output from this stage would be descriptions of existing formal acti~ities 
that serve each VSM function of the identified process recursive levels. The results then 
serve as input for interpreting the effectiveness of information delivered to each task in a 
work procedure. This would be discussed further in the following chapter. 
7.5 The VSM of Bioinformatics Analysis Work situation at the RLO 
At the RLO, the work situation would be diagnosed in terms of bench scientists work in 
planning, designing, managing and implementing bioinformatics work procedures for the 
FAoGS process. This provides a holistic picture of the possible kind of processes that 
143 
Chapter Seven The Application of VS M to Bioinformatics Analysis Work Situation 
might occur. From preliminary overviews of bioinformatics work obtained from the 
interviews sessions in Chapter Five, the main purposes for conducting bioinformatics 
analysis are identified as: 
1) to prepare sample either gene and protein sequences, 
2) to confirm the putative function of the target gene sequence of interest (this is 
known as mutagenesis analysis). 
In both contexts, the role of bench scientists was to facilitate the formulation of research 
aims and objectives of their own research projects. In order to achieve their research 
objectives, they needed to plan and design experimental methods so that they could 
successfully implement and operate their activities. Throughout their experimental 
activities, they had to define appropriate analytical enquiries in order to elicit the right 
answers. They use the results of the enquiries to make appropriate decisions and actions. 
Planning and designing experimental activities within the scope of a work procedure is 
necessary to ensure that bench scientists access and use relevant information from 
bioinformatics resources. The effective and efficient access and use of information from 
those resources should also be gauged in terms of the effective flow and delivery of 
information from one activity to another in each work situation. 
For VSM diagnosis, the activities and information within the FAoGS process are 
assessed against VSM's five prescribed functions. Each of the function at VSM 
Recursive level Zero (RLO) is identified in terms of managing bioinformatics analysis 
work and the flow of information between those procedures. Particular focus at this level 
is the management of information in designing experiment for the main work procedures 
in FAoGS process. 
Bioinformatics work procedural management 
As discussed in Chapter 4, Section 4.2.1 bench scientists would need to implement 
multiple bioinformatics analysis tasks in order to obtain sample(s) for further functional 
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verification in a wet laboratory environment. Implementing those procedures requires 
bench scientists to interact with multiple embedded information environments. This 
shows that they need to interact with a variety of data and resources within their 
information space. 
Bioinformatics Information Delivery and Services Management 
In dealing with a variety of procedures in multiple embedded information environments, 
bench scientists need to manage the flow and delivery of information between each 
procedural unit. The purpose for diagnosing the viability of those procedural activities is 
to determine that each of them is capable of functioning autonomously and achieve 
global cohesion among them. The latter is necessary for bench scientists to achieve their 
research aims. As mentioned earlier, achieving cohesion and adaptability between 
embedded autonomous units in an organisation is crucial for determining the viability of 
the overall organisation (Espejo 2003). 
Managing bioinformatics work procedures and information delivery among those 
procedural units is essential in allowing bench scientists to obtain correct samples, test 
samples and confirm the putative function of the target genes. Figure 7-2 illustrates the 
basic process structure of the VSM functions for the identified work situations at RLO. In 
the diagram, operational activities at RLO are shown in terms of main activities that aim 
for supporting the purpose of the FAoGS process. The following section discusses each 
of the procedural unit within recursive structural levels identified in Process Recursion 
Model (PRM). 
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Recursion Level 0 {}: System One {RLO;Sl} to System Five {RLO;S5} 
7.5.1 System One {RLO;Sl} 
System One {RLO; SI} indicates Operational function in the diagnosis stage. There are two 
entities which represent this function. They are Manager{RLO;SI} and Procedural 
Unit{RLO;SI}. At this level of recursion, the role of Manager{RLO;SI} oversee 
bioinformatics procedures so that ProceduralUnit {RLO; SI} are able to operate multiple 
procedures autonomously at the local level. The Manager{RLO;S I} also oversee that the 
ProceduraIUnit{RLO;SI} works cohesively under the control of Controller{RLO;S3} 
with consistent monitoring from Auditor{RLO;S3*}. 
For the current study, the scope of work for diagnosing the management of each 
procedural unit at RLO and information that flows between the units will need to 
correspond with the workflow of analytical process as reflected by the Schematic 
Diagram of Analytical Process (SDAP) diagram (discussed in Chapter Five). The 
Manager{RLO:SI} fulfils the information needs of bench scientists at 
PolicyMaker{RLO;S5} by providing the desired information through 
Controller {RLO; S3 }. This information would allow bench scientists at level 
PolicyMaker{RLO;S5} to plan and design procedures for subsequent activities at the next 
lower level of recursion. 
Diagnosis at level RLO, further identifies three main work procedures which are referred 
asProceduralUnit{RLO;SI}. These are: 
• assessing sample requirements, 
• validating the applicability of the experimental methods and 
• testing and confirming the characteristics of samples 
In the context of current study, assessing a sample would focus on procedures pertaining 
to the preparation of a gene sequence sample. As stated by bench scientist BS3, different 
types of samples were prepared at different times and in different types of bioinformatics 
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procedures throughout the FAoGS process. These samples could be in gene or protein 
sequences. 
ProceduraIUnit{RLO;SI} would receive instructions based on specific types of 
information from bench scientists as PolicyMaker{RLO;S5} through the 
Controller{RLO;S3}. Relevant information relates to those that could be used to 
comprehend the background of the problem in the research area, the current status of the 
gene or protein sequence of interest, together with previous and current work undertaken 
by other researchers within the area of interest. 
Bench scientists BSi and BS4 had recalled that prior to the start of research work, they 
would do some background reading on past and current developments of relevant areas of 
research. Such an activity would assist in the development of analytical research 
questions. Information emanating from background studies serves as a crucial 
requirement in preparing gene samples and validating whether experimental methods and 
techniques received from the environment are applicable for obtaining target samples. 
The ProceduralUnit {RLO;S I} needs to utilise the most appropriate and significant 
information and resources from its local environments to support its activities. The 
function of Manager{RLO;S I} here is to pass those information gathered by each 
ProceduraIUnit{RLO;SI} to Controller{RLO;S3~ in order to determine that correct 
information is processed and obtained. The type of information managed and passed to 
Controller{RLO;S3} would be such that bench scientists at level of 
PolicyMaker{RLO;S5} are able to formulate research questions and define appropriate 
analytical techniques. This is necessary for PolicyMaker{RLO;S5} to plan and design 
appropriate procedural activities for the subsequent recursion level and to ensure that 
activities at the subsequent level works in accordance to the set work objectives. 
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7.5.2 System Two {RLO; S2} 
System Two{RLO;S2} indicates the Coordination function in the diagnosis stage of the 
FAoGS process. At RLO, bench scientis'ts need to perfonn multiple procedural activities 
in order to fulfil the infonnation need of PolicyMaker{RLO;S5}. Therefore it is essential 
for ProceduraIUnit{RLO;S5} to interoperate multiple resources. In this kind of work 
situation, it is necessary for the ProceduraIUnit{RLO;SI} to compete for the right 
information to support the right work procedure at the right time. Having the right 
information is crucial in enabling bench scientists to validate the applicability of methods 
previously selected. Such a process would ensure that they obtain the best gene samples. 
At the level of {RLO; S2}, S2 serves as 'the viable system's anti oscillatory device' for 
SystemOne, suggested by (Beer 1985). SystemTwo {RLO;S2} involves hannonising and 
stabilising activities for ProceduraIUnit{RLO;SI}. Such a function is necessary for 
enabling the autonomy 'of ProceduralUnit {RLO;S I }, as well as achieving connectivity 
and ultimately cohesion between them (Espejo 2003). In particular, it perfonns a 
powerful task of minimising variations that need to be attended to by 
Controller{RLO;S3} in global resource bargain activity. It is essential for S2 function to 
avoid overloading Controller{RLO;S3} with high variety of ProceduraIUnit{RLO;SI} 
activities. 
Therefore, to avoid form overloading Controller{RLO;S3}, S2 acts as regulatory centre 
that amplifies managerial variety and attenuates operational diversity. Infonnation need 
of PolicyMaker{RLO;S5} are the variables used as variety amplifiers and attenuators for 
this function. Those information need of PolicyMaker{RLO:S5} flows and communicated 
through a channel between Manager{RLO;SI} and Controller{RLO;S3}. S2 should avoid 
overloading the Controller{RLO;S3} with high variety of ProceduraIUnit{RLO;SI} 
operational activities by coordinating those procedural activities. 
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• Coordination activities 
The aim of diagnosis at this level of recursion is to identify any regulatory actions 
necessary for harmonising and stabilising the activities of the managerial and operational 
units of {RLO;SI}. Regulatory actions were identified in terms of how S2 attenuates and· 
amplifies operational and managerial variety. These could be explained as below. 
Stabilising the operations of ProceduraIUnit{RLO;SI} would require bench scientists to 
coordinate the following activities :-
a) Continuous tracking and collecting past and present published experimental 
methods and techniques from bioinformatics resources. 
The focus of information required from these resources is to provide on-line journals or 
literature. Examples of resources are Pub-Med and Web of Science. Bench scientists as 
Manager{RLO;S I} regulate the search and tracking of appropriate experimental methods 
and techniques. Therefore the tasks performed by the bench scientists at this state are: 
• search and tracking experimental methods and techniques for preparing a 
sequence sample, 
• search and tracking experimental methods and techniques for validating the 
applicability of the chosen method 
• search and tracking experimental methods and techniques for testing and 
confirming the characteristics of the samples obtained. 
As ProceduraIUnit{RLO;SI}, bench scientists reduce variety by collecting list of 
experimental methods to support the work procedures. Therefore the tasks performed by 
the bench scientists at this state are: 
• collecting and provide list of relevant experimental methods and techniques 
methods required for preparing a sequence sample, 
• collecting and provide list of relevant experimental methods and techniques 
methods required for validating the applicability of the chose method, 
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• collecting and provide list of relevant experimental methods and techniques 
methods required for testing and confirming the characteristics of the sample obtained. 
For instance, bench scientists BSI and BS2 recalled how they needed to search for 
suitable experimental methods not only for preparing a type of gene sample but also 
different sets of samples. 
b) continuously tracking and collecting past and present published literature related 
to target genes and the current status of FAoGS process. 
Bench scientists at Manager{RLO;SI} needs to regulate the search for past and present 
published literatures. Therefore, the tasks performed by the bench scientists at this state 
are: 
• search and tracking background problems that would provide information in 
relation with any particular genes and research area of the bench scientists interest. 
As ProceduraIUnit{RLO;SI}, bench scientists need to reduce variety py collecting 
relevant literatures. Therefore, the tasks performed by the bench scientists at this state 
are; 
• search and tracking information which could provide information in relation to 
the background problems of the gene and research area of bench scientists interest. 
c) continuous searching and keep tracking of literature which inform the 
technological development ofbioinformatics resources. 
Bench scientists at Manager{RLO;SI} regulate the search and tracking of literatures 
which provide relevant information on the current states of bioinformatics resources. 
Therefore, the tasks performed by the bench scientists at this state are: 
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• search and tracking literatures which could give information on the relevant 
bioinformatics resources for the activities of preparing a gene sequence sample, 
• search and tracking literatures which could give information on the relevant 
bioinformatics resources for the activities of validating the applicability of the 
experimental methods, 
• search and tracking literatures which could give information on the relevant 
bioinformatics resources testing sample characteristics . 
• As ProceduraIUnit{RLO;SI}, bench scientists reduce variety of its activities by 
identifying and collecting relevant literatures that provides information on bioinformatics 
resources. Therefore the tasks performed by the bench scientists are: 
• identifying and collecting literature which gives information on the available 
resources which could support bench scientists work in preparing gene sequence 
sample, 
• identifying and collecting literature which gives information on the resources 
which could support bench scientists in validating the applicability of the 
experimental methods chosen, 
• identifying and collecting literature which gives information on the resources that 
could support bench scientists in testing the characteristics of the sample. 
d) continuously searching and tracking relevant resources (databases and 
computational tools) to support current and the work procedures at subsequent recursion 
levels. 
Bench scientists at Manager {RLO;S1 } regulate the search for relevant resources based on 
literatures found to support current and the work procedures at subsequent recursion 
levels. Therefore, the tasks performed by the bench scientists at this state are: 
• search and tracking possible bioinformatics resources that could support all the 
work procedures for preparing gene sequence sample, 
• search and tracking possible bioinformatics resources that could support all the 
work procedures for validating the applicability of the experimental methods chosen, 
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• search and tracking possible bioinfonnatics resources that could support all the 
work procedures for testing the characteristics of the sample. 
As ProceduraIUnit{RLO;SI}, bench scientists identify the relevant bioinfonnatics 
resources that would support the bench scientists work procedure. Therefore, the tasks 
perfonned by the bench scientists at this state are: 
• identify and list possible resources that would support the bench scientists work 
procedures for preparing gene sequence sample, 
• identify and list possible resources that would support the bench scientists work 
procedures for validating the applicability of the experimental methods chosen, 
• identify and list possible resources that would support the bench scientists work 
procedures for testing the charac.teristics of the sample. 
7.5.3 System Three {RLO; S3} 
System Three, S3 denotes a Control function in the diagnosis stage of the FAoGS 
process. The role of Controller{RLO;S3} is orientated towards the 'here and now' 
functions (Beer 1985). Essentially, Controller{RLO;S3} would be involved in a two-way 
communication with the Manager{RLO;SI}. On the other hand, the fonner's link with 
ProceduraIUnit{RLO;SI} procedural units would be through one-way communication 
(Espejo and Gill 1997). In this type of communication Controller{RLO;S3} acts as 
Auditor{System S3*} to foresee Manager{RLO;SI} undertaking their responsibilities. 
The two-way communication between Controller{RLO;S3} and Manager{RLO;SI} 
could be represented by a loop of negative feedback between the two functions. In 
relation to this, Controller{RLO;S3} is more predisposed towards interpreting the 
accountability of infonnation it receives from the Manager{RLO;S I}. This negative 
feedback loops aims at controlling the distribution of bioinfonnatic resources while there 
is negotiation for right and desired infonnation. Such task, which is known as resource 
bargain, is handled by Controller{RLO;S3}. Communication between 
Controller{RLO;S3} and Manager{RLO;S I} facilitates the creation of a negotiating space 
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between the two functions. Essentially, a negotiating space could be defined as an 
interface between a user and a system (Taylor 1986). Through this type of space, a 
system could put into display its value-added output to assist users in making appropriate 
choices and decisions. For this purpose, Controller{RLO;S3} would need certain form of 
accountability descriptions from the Manager{RLO;S I} to ensure that its information 
requirements, which is originally instructed by PolicyMaker{RLO;S5}, are met (Beer 
1985). 
Ideally, bilateral communication between Controller{RLO;S3} and Manager{RLO; SI} 
management should provide an effective channel for negotiations between the two 
functions (Espejo 2003). This is considered a necessary prerequisite for achieving the 
viability of any system. Achieving viability here refers to the ability of 
Controller{RLO;S3} to control the activities of ProceduraIUnit{RLO;SI} cohesively. To 
diagnose the type of the information delivered by the Manager{RLO;SI} to the 
Controller {RLO; S3 } and the cohesive features of activities for each procedures, , the 
current study intermittently uses information traits that were previously identified in 
Chapter Six. 
In practice, bench scientists as Controller {RLO; S3} would receive input from 
Coordinator{RLO;S2} and Manager{RLO;SI} functions. For instance, bench scientists 
need to search from any literature information from information sources like PubMed and 
Web of Science. Once this information has been received, Controller{RLO;S3} pass this 
information to Poli0'Maker{RLO;SI} so that bench scientists at Poli0'Maker{RLO;SI} 
could develop research objectives and define analytical enquiries for the following work 
procedure. Information related to the background problems would assists the 
Poli0'Maker{RLO;S5} to define analytical enquiries and developed research aims and 
objectives. Meanwhile, information related with the experimental methods helps 
Poli0'Maker{RLO;S5} to plan and design suitable experimental methods for the current 
and subsequent work procedures. This then would allow bench scientists to fulfil the 
functional purpose of the procedures. In addition, bench scientists as Controller{RLO;S3} 
also need to pass relevant literatures relating to the possible resources that would support 
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the current and subsequent work procedures of the bench scientists. In the negotiating 
space, Controller{RLO;S3} would need to consistently keep track of the information 
traits obtained from the Manager{RLO;S I}. These information traits should assist bench 
scientists in making appropriate decisions and actions at function Controller{RLO;S3} 
and PolicyMaker{RLO;S5}. 
Negotiating those information traits through continuous feedback between 
Controller{RLO; S3} and Manager{RLO; SI} must adhere to certain pre-set operational 
conditions and measures. These properties would have previously been set by 
PolicyMaker{RLO;S5} and controlled by Controller{RLO;S3) during the allocation of 
resources in the resource bargain task. Some examples of pre-set conditions or the 
information traits at RLO are identified as: 
• the background problem to bench scientists' research area must be genuine so 
that they could develop their research aims and objectives, 
• the past and present published experimental methods found are relevant so that 
they could adapt them in the work procedures and obtain correct experimental results, 
• the past and present published literature which relates to the technological 
development of bioinformatics resources should also be relevant, 
• identification of possible resources (databases and computational tools and 
algorithms) for current and subsequent work procedures. 
In practice, it was found that bench scientists at Controller{RLO;S3} are concentrating on 
finding information from literature, as RLO level is focusing on designing experiments 
for F AoGS. Besides literature information, bench scientists also identify possible 
resources which could be used in the current and subsequent work procedures. Bench 
scientists as a Controller{RLO;S3} pass this information to Intelligent{RLO;S4} so that 
Intelligent{RLO;S4} could predict any problematic work situation and pass the 
information back to Controller{RLO;S3}. However, diagnosis revealed that 
Intelligent {RLO;S4} unable to provide any future information in relation to the 
effectiveness of the experimental methods found and selected by the bench scientists at 
155 
Chapter Seven The Application of VS M to Bioinformatics Analysis Work Situation 
RLO. As such, bench scientists as a Controller{RLO;S3} would infonn the 
PolicyMaker{RLO;S5} to use whatever infonnation receives at RLO level to design the 
experiments for the subsequent work procedures. 
7.5.4 System Three* {RLO:S3*} 
System S3* signifies the Auditing function in the diagnosis stage of the FAoGS process. 
In essence, Auditor{RLO;S3*} is S3 at a state where S3 needs to fill its own Requisite 
Variety (Beer 1985). The purpose of this function is to introduce variety in order to 
destroy the variety of S3. 
Diagnosis to this level revealed that the tasks that might indicate the bench scientists as 
Auditor{RLO;S3*} fill S3 Requisite Variety are: 
• check whether bench scientists use accurate literatures for developing appropriate 
research questions for F AoGS process, 
• check whether bench scientists select appropriate experimental methods collected 
from the literature, 
• check whether bench scientists use accurate literature that infonn the types of 
resources possible for undertaking the current and subsequent work procedures, 
• check whether bench scientists have selected appropriate databases and tools for 
the experiments, 
• check whether bench scientists had obtained the desired results as what they had 
hypothesised. 
However, Auditor{RLO;S3} is functioning only when the bench scientists completed 
each tasks identified in each work procedure. 
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7.5.5 System Four {RLO; S4} 
System S4 indicates the Intelligent function in the diagnosis stage of the F AoGS process 
(Espejo and Gill 1997). Such a function deals directly with the external or problematic 
environment (Espejo 2003). It is essential for the collective adaptation, evolution and 
transformation of all activities as a kind of organisation. In turn, these characteristics 
would be crucial for maintaining the functional purpose and future of F AoGS process as 
a total organisation. System S4 is concerned with managing the 'outside-and-then' 
scenarios, provide current and self-awareness for system in relation to the work 
situations. S4 foresees any unexpected events that emanate from its external environment 
in particular work situations. 
The S4 function communicates with S3 in a continuous feedback loop. A close coupling 
between Intelligent {RLO;S4} and Controller{RLO;S3} would create balance or 
equilibrium that maintains the stability of multiple experimental processes in multiple 
nested situations. Ideally, Intelligent{RLO;S4} must be capable of observing the state of 
the current work situation and predict the status in the near future. Then it should inform 
Controller{RLO;S3} so that S3 could take appropriate actions and decision making 
(Qureshi and Urlings 1999). This information is essential to keep the work system in 
balance. It is essential in allowing bench scientists continuously planning and 
implementing further procedural activities at the next lower level of recursion. In 
addition, it is important in ensuring that the organisation of bioinformatics work activities 
are always flexible, adaptive, evolving and able to determine its own future without being 
controlled by the environment. 
Diagnosis to RLO revealed that bench scientists are incapable of predicting any future 
problematic work situations. Some of the examples are; 
• BSI is aware that using inappropriate experimental methods could give him 
wrong experimental results. However, at the time when bench scientists select the 
method, he does not know that the chosen method could give him the problem. In this 
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kind of event, BSl searches for literature infonnation to find a substitute for the previous 
methods or any infonnation that would assist him modifying the previous method. He 
then would repeat the experiment again. 
• BS2 is aware that using poor quality resources could affect the reliability of her 
experimental results. However, at the time when bench scientists found literature which 
discusses the reliability of any resources (databases or tools), she would not know that the 
resources are unsuitable for her type of work. 
Diagnosis to this function revealed that the obvious action undertaken by bench scientists 
facing the type of scenario is to search for literature infonnation. The purpose of 
literature infonnation mentioned by BS3 is to fonnulate new ways on modifying methods 
he had selected previously or replace the methods with other appropriate one. 
7.5.6 The System 3-4 Homeostat (RLO; S3-4 Homeostat) 
As mentioned previously in Sections 7.4.4 and 7.4.5, the role ofthis function is to create 
a balance and equilibrium in the FAoGS process. A close coupling between system S3 
(the 'here and now') with system S4 (the 'outside and then') is vital in keeping the 
current situation in balance. 
At this level, identifying activities that could connect the two aforementioned functions 
provides the context for diagnosis. These functions are essential mechanisms for 
sustaining viability. S3 provides a mechanism for achieving cohesion while system S4 
provides the means for gaining adaptability (Espejo, 2003). 
Diagnosis to this level of recursion identifies the following activities that occur during the 
management of work procedures and delivery of infonnation between those procedures. 
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Controller{RLO;S3} pass the coordinated and negotiated infonnation to S4. This 
infonnation relates to: 
• the background problems in the research areas and the current status of the 
desired genes, to assists in setting objectives and sub-objectives for each procedures. 
• location and content of databases, computational tools and algorithms suitable for 
sample preparation, validating the applicability of the methods and testing characteristics 
of samples. 
• experimental methods for sample preparation, validating the applicability of the 
methods and testing characteristics of samples. 
All of this infonnation could be packed together as 'inside-and-now' infonnation and 
delivered to S4. To maintain the coupling between S3 and S4, Intelligent{RLO;S4} needs 
to consistently interact with their external environment and gather the 'outside-and-then' 
infonnation to provide input to Controller{RLO;S3}. Ideally, bench scientists need to be 
aware of all the parameters that could introduce problems to their current work situations. 
This would include the existence of the current technologies that could support their 
experimental work. 
However, in practice, bench scientists nonnally use the web sites or computational tools 
that they are familiar with, rather than noticing or being aware of the development of new 
technologies. To know the current technologies or the latest R&D issues, bench scientists 
need to find the literature themselves by coincidence. The bench scientists may find 
literature which discusses the effectiveness of some computational tools which in reality 
are unsuitable for the bench scientists' work. This shows that the function System 3-4 
Homeostat (RLO;S3-4) is lacking at RLO. 
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7.5.7 System 5 {RLO; SS} 
8ystem 85 reveals the PolicyMaker function in the diagnosis stage of the FAoGS process. 
The role of 85 here is to intervene in the activities of the 83-84 homeostat and to dispose 
variety at 85 (Beer 1985). According to Espejo (2003), the variety of 85 as PolicyMaker 
should be much lower than the variety of the organisation they are accountable for. 
Therefore, 85 needs to face only a small residual variety since most of the variety must 
be absorbed within the structure of the organisation. 
At this stage, bench scientists at PolicyMaker{RLO;85} are facing two types of variety. 
The first variety comes from its internal environment, which was confined to 'inside-and-
now' information. The second variety comes from its problematic or external 
environment. The 'outside-and-then' information informs 85 of the current work 
situations within its external environment. Observing these types of information, 
PolicyMaker{RLO;85} would intervene and respond in order to balance the capacity of 
the {RLO; 83-4 Homeostat}. Examples of such unexpected events are being unable to get 
a matching sequence sample and unable to achieve objectives of their research and 
hypothesis. Ideally to achieve maximum viability, the role of {RLO;85} is to minimise 
the response requirements of policy-makers (Espejo 2003). 
Diagnosis to this level of recursion identifies the activities that occur during the 
management of each work procedure identified at Procedural Unit {RLO;8 I}. In the state 
where the bench scientists are incapable to negotiate the right and desired work output, 
PolicyMaker{RLO;85} responds by either; 
• instruct ProceduraIUnit{RLO;8I} through the Controller{RLO;83} to repeat the 
experiments using the same methods, 
• instruct ProceduraIUnit{RLO;81} to search for literatures that could assist bench 
scientists find other methods for replacements, 
• instruct ProceduralUnit {RLO;8 I} to repeat experiments using other experimental 
methods, 
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• instruct ProceduraIUnit{RLO;SI} to search for literatures that could infonn other 
reliable resources. 
On most occasions, bench scientists instruct the Controller{RLO;S3} to repeat the 
experiments by trial and error methods until bench scientists obtain the desired 
infonnation. 
In the state where bench scientists are able to obtain the experimental work output as 
desired, PolicyMaker{RLO;S5} needs to: 
• strategically set objectives and define analytical enquiries for the work procedure 
at the next lower level of recursion. 
• set some fonn of conditions for the work operations at the next lower level of 
recursion. An example of such conditions is to ensure that bench scientists are able to 
obtain a complete gene sequence sample. 
7.S.S. Findings From VSM Diagnosis At RLO 
• At the highest recursion level, the types of infonnation need and use are focusing 
on designing experimental work for work procedures at the next lower level of recursion .. 
There are three main types of general work procedures (assessing samples, validating the 
applicability of the method and testing the sample). Each of them contains individual 
procedures with embedded activities which would be revealed at the subsequent levels of 
recursions. 
• All the main work procedures require the use of infonnation from their internal 
environment. This infonnation gathered from bioinfonnatics resources needs to be 
coordinated since activities from each procedure may compete with each other for 
infonnation and resources. At RLO level, all procedures are competing for infonnation 
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from literature databases. At this level, {RLO;S2} shows the coordination for searching 
and collecting information from literature databases. 
• The function of {RLO;S3} is to negotiate different types of information traits as 
work output in supporting the design of experiments for each procedure. At this level, it 
is revealed that {RLO;S3*} function introduced requisite variety by consistently checking 
whether the bench scientists use accurate information when designing experiments for the 
three main work procedures. 
• {RLO; S4} reveal that bench scientists are incapable of predicting any unexpected 
events that could disturb the state of their current work situation. It is also revealed that 
bench scientists are incapable of predicting any new bioinformatics technological change 
or development. At RLO level, there is a lacking in the {RLO; S3-4 Homeostat} function. 
Diagnosis to this function shows that bench scientists deal with a problematic work 
situation by searching for a replacement to their previously selected experimental 
method. In addition it shows that bench scientists deal with their problematic situation by 
repeating their experimental work by trial and error. 
• {RLO;S5} responds to any unexpected work situations by instructing the 
experimental work procedures to be repeated either using new experimental methods or 
modify the previously selected one. In both occasions, bench scientists instruct the 
experimental work to be done in trial and error methods until bench scientists receive 
desired work output. 
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Table 7-1 : Summary of VSM Diagnosis at RLO 
Two 
• search, track and 
collect past and present 
published experimental 
methods for current and 
subsequent work 
procedures 
• search, track and 
collect past and present 
published literatures 
relating to the 
background problems and 
current status of the 
target gene 
• search, track and collect· 
past and present 
literatures relating to the 
technological 
development of 
bioinfonnatics resources 
• search, track and 
identifY possible 
resources to support 
current and subsequent 
work procedures 
VSM System Entities and Activities 
Three 
• negotiate collection of 
related past and present 
literatures for 
published experimental 
methods 
• negotiate collection of 
related literatures on 
the current status of the 
research area 
• negotiate collection of 
literatures on the past 
and present 
bioinformatics 
resources 
• negotiate collection of 
possible databases and 
computational tools 
and algorithms for 
supporting current and 
subsequent work 
procedures 
Three * 
• audit accurate use 
of literatures after 
obtaining 
experimental results 
• audit accurate use 
of resources 
( databases, 
computational tools 
and algorithms) for 
the right task after 
completed 
experimental work 
• audit accurate use 
of experimental 
methods for sample 
for current work 
procedures only after 
completed 
experimental work 
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Four 
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experimental 
methods could 
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any problematic 
experimental 
methods 
Five 
• Set work 
conditions in two 
different states; 
In problematic work 
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experiment using 
same methods 
• repeat experiment 
using other methods 
• repeat 
• aware of using experiment using 
unreliable resources other resources 
could introduce· search for other 
problematic work literatures 
situation. But, S4 
incapable to predict In normal work 
the use of resources situation; 
that could create .• set objectives and 
problematic work define analytical 
situation enquiries for the 
following work 
procedures 
• set conditions and 
measurement for 
subsequent work 
procedures 
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7.6 The VSM of FAoGS Process at the RLl- The Preparation of Sequence Sample 
Viability diagnosis is now moving to the next lower level of the recursion structure, 
which is the RL I. Activities that occur within this level require bench scientists to deal 
with the planning, design and implementation of preparing sequence samples work 
procedure. This level focuses on detail and operational activities of the FAoGS process. 
Input from the higher level of recursion of RLO, particularly the decisions on the most 
suitable experimental methods at that point of time, would activate functions and 
activities at RLllevel. 
At RLI level, diagnosis involves investigating the viability of procedural units in the 
work situation of compiling complete gene sequences. In such a situation, bench 
scientists obtain complete gene sequences by comparing sequences between. DNA 
fragments or primers with selected genomes from databases available from the web sites. 
Acquiring complete sequences of target genes is crucial for enabling bench scientists to 
determine the putative functions of the target genes. However, this could only be 
achieved by designing and analysing a primer. Such an activity is at the heart of the RLl 
process. Figure 7-3 illustrates the structure and organisation of RLI level and the 
following section describes the steps in diagnosis undertaken against each VSM functions 
at the RLl level. 
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Recursion Level 1 {RLl}: System One {RLl;SI} to System Five {RLl;SS} 
To analyse the RLl level of recursion, the current section adopts the format used 
previously for discussing Recursion Level Zero (RLO). As such, the notion of viability 
diagnosis would frame the context of this analysis. 
7.6.1 System One {RL1; SI} 
The main objective of {RLl;SI} is to design a correct primer or DNA fragment. Bench 
scientists undertaking activities at level {RL1;SI} would apply suitable experimental 
methods and techniques determined earlier at the higher level of recursion of 
PolicyMaker{RLO;S5}. Nominally, operational activities concerning the design and 
analysis of a primer would have been accounted for in the selection of those methods and 
techniques. However, at level PolicyMaker{RLl ;S5}, the bench scientists would 
determine the suitability of the primer in order to plan and design the ORF determination 
at the next lower level of recursion. Obtaining best primer indicates that bench scientists 
could achieve the objectives of obtaining complete sequences of target genes. 
The activities identified for sample preparation procedure at this level of recursion could 
be outlined as follows: 
• Sequence Retri eval, 
• Similarity Searching, 
• Design a primer, 
• Analyse a primer. 
Designing and analysing a primer is a prerequisite for obtaining a complete sequence 
sample of a target gene. To obtain a primer, bench scientists need to retrieve a whole 
DNA sequence of a target species of organism from genome databases. The objective for 
retrieving the whole DNA sequence of the target organism is to find appropriate 
restriction sites from these sequences. Bench scientists need to select and extract a 
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portion of sequences from whole DNA sequences. This portion of sequences is known as 
a primer. Before selecting the portion of sequences, bench scientists would have to 
identify restriction sites from whole DNA sequences. Restriction sites provide 'cut-off 
positions identified by bench scientists for the retrieval of complete DNA sequences. ' 
From the interviews in the current study, bench scientists use appropriate tools from the 
web sites to identify accurate restriction sites. Following such an activity, bench scientists 
would perform similarity search against specific genome sub-species databases in order 
to obtain relevant, complete gene sequences. To perform this process, bench scientists 
also need to use appropriate tools for similarity search. From the interview and overview 
of work situations in Chapter Six, bench scientists often use the BLAST search tool from 
either NCBI or TIGR web sites for similarity searching. Bench scientists also need to use 
another kind of tool to analyse the primer and verify that it is the best selected primer. 
Among examples of this tool is NetPrimer from BiosoftIntemational web sites and 
standalone computational programs such as Redisoft Cloning and Visual Cloning 
Manager. 
AIl those activities were undertaken simultaneously. To perform primer design and 
analysis procedures, Manager{RLl;S I} would oversee the acquisition of the right 
information at the right time for supporting activities discussed above by 
ProceduraIUnit{RLl:Sl}. Controller {RLI;S3} then needs to ensure that the 
information dispatched by the Manager{RLl;SI} possess traits that fulfil the 
requirements demanded by PolicyMaker{RLl;S5}. Desired information traits are often 
linked to the suitability of selected algorithms in identifying restriction sites and the 
accuracy of primer production in terms of the characteristics of primer parameter. To 
ensure that Manager{RLI;SI} oversees the activities of ProceduraIUnits{RLl;SI} 
effectively, it is essential for Coordinator{RLl;S2} to coordinate those activities. 
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7.6.2 System Two {RLl;S2} 
The function and role of Coordinator{RLI:S2} is to regulate the oscillation of activities 
in sequence sample preparation work procedure. This is necessary for harmonising and 
stabilising the activities of ProceduraIUnit{RLO;SI}. In practice, bench scientists need to 
coordinate the following activities: 
a) Continuous tracking and retrieval o/whole DNA sequence/rom target genome 
Bench scientists at Manager{RLI;SI} regulate the search and tracking of DNA sequence 
for designing and analysing primer. Therefore the tasks performed by the bench 
scientists at this state are: 
• the search and tracking of genome databases for DNA sequence retrieval, 
• the search and tracking of appropriate DNA sequence from the target genome. 
As ProceduraIUnit{RLO;SI}, bench scientists reduce variety by retrieving the whole 
DNA sequence which is relevant to their work procedure. Therefore, the tasks performed 
by the bench scientists at this state are: 
• collection and listing of resources containing genome sequences, 
• collection and retrieval of the whole DNA sequence for the target gene. 
b) Continuous searching and tracking/or finding restriction sites 
Bench scientists at Manager{RL1;SI} regulate the search for identifying restriction sites 
using appropriate restriction mapping tools. Therefore, the tasks performed by bench 
scientists at this state are: 
• the search and tracking of tools and algorithms that facilitate the identification of 
restriction sites from retrieved DNA sequences, 
• the search and tracking of tools and algorithms that are capable of verifying 
selected restriction sites from the DNA sequence. 
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As Procedural Unit {RLO;S 1 }, bench scientists collect and identify the position significant 
restriction sites for the following activities of designing and analysing a primer. 
Therefore, the tasks performed by the bench scientists at this state are: 
• notifying suitable restriction sites from DNA sequence, 
• collecting appropriate primer analysis tools and algorithms for verifying the 
accuracy of selected restriction sites. 
c) continuous tracking and collection of primers' characteristics 
Bench scientists at Manager{RLl ;Sl} perform the following tasks: 
• searching and tracking of tools and algorithms capable of identifying pnmer 
characteristics, 
search for relevant primer's characteristics. 
As ProceduraIUnit{RLO;SI}, bench scientists reduce variety by performing the 
following tasks; 
• identifying and collecting tools and algorithms for identifying primer 
characteristics, 
• list and verify primer characteristics. 
d) continuous tracking and collection of resources in relation to the subspecies of the 
target genome 
Bench scientists at Manager{RLI;SI} level, search and continuously tracking of 
resources that contain sequences of target genome subspecies. Therefore, the tasks 
performed by bench scientists are: 
• the search and tracking of genome subspecies databases III the course of 
comparing and retrieving their sequences to a primer, 
• the search and tracking of similar sequences between a primer and genome 
subspecies. 
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As ProceduraIUnit{RLO;SI}, they collect and retrieve sequences of genome subspecies 
to enable them conduct similarity search using the BLAST search tool. Therefore the 
tasks performed by bench scientists at this state are: 
• collecting and listing out resources with sequences of genome subspecies, 
• collecting and gathering matched sequences between a primer and genome 
subspecies. 
Ideally, it is necessary for the bench scientists at Manager{RLl;SI} to facilitate the 
coordination and regulation of the ProceduraIUnit{RLO;SI} activities. The reason is to 
prevent from overloading Controller{RLO;S3} with high variety 
ProceduralUnit {RLO;S I} operational activities. 
7.6.3 System Three {RLl;S3} 
In practice, bench scientists as Controller{RLl; S3} conduct the resource bargain task by 
receiving coordinated information by Coordinator{RLl;S2} , negotiated with 
Manager{RLl;SI} functions. At negotiating space, Controller{RLl;S3} needs. to 
consistently keep track of information traits gained from the Manager{RLl;SI}. These 
traits act as parameters for bench scientists to make decisions on the basis of those traits 
and the current state of their environment informed by Intelligent{RLl;S4}. From the 
interviews in the current study, information traits negotiated between Manager{RL1;SI} 
and Controller{RLl;S3} could be linked to: 
• appropriate collection of genome databases containing sequences of whole DNA 
(genome), 
• the whole DNA sequence, 
• appropriate collection of primer design tools and algorithms for finding restriction 
sites and parameters that determine the characteristics of the primer, 
• accurate restriction sites, 
• significant characteristics of primers, 
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• appropriate collection of genome subspecies sequences that facilitates the search 
for sequence similarity between a primer and corresponding target subspecies, 
• the completion of complete gene sequence. 
Ideally, the Controller{RLI;S3} needs to perform the global resource bargaining task. 
This means that Controller{RLl ;S3} gathers all the appropriate resources to support 
ProceduraIUnit{RLI;SI} activities. However, in practice allocation of resources was 
made on individual tasks' basis. For instance, bench scientists use genome databases 
from NCBI to find the whole DNA sequence. When this task is complete, bench 
scientists search for a primer design tool such as Redisoft Cloning to identify restriction 
sites. Therefore, consistent monitoring of information collected from resources was done 
on a local and individual basis. 
7.6.4. System Three* (RL1;S3*) 
As mentioned earlier, this function introduces a degree of variety in order to destroy 
variety of Controller{RLl;S3}. System S3* plays a crucial role at this level ofrecursion, 
particularly in ensuring the accurate use of information and resources within the context 
of preparing gene samples. Such a role would be necessary in designing and analysing a 
primer in the compilation of a complete sample of target gene sequence. 
Diagnosis to this level revealed that bench scientists performed the following tasks which 
relate to auditing their experimental results. These are: 
• check whether they had obtained a significant whole DNA sequence, 
• check and verify whether they had obtained accurate restriction sites, 
• check and verify that they had obtained accurate characteristics for the primer 
parameters, 
• check and verify that they had found the matched sequence between the target 
primer and existing genome sequence, 
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• check whether they had successfully obtained a complete gene sequence. 
Ideally, bench scientists as Auditor{RLI;S3*) need to include auditing and monitoring 
that they had use: 
• appropriate genome databases containing sequences of a relevant whole DNA 
sequence for the target gene sample, 
• appropriate primer design tools and algorithms for finding and verifying 
significant restriction sites, 
• appr,?priate primer design tools and algorithms for identifying and verifying 
characteristics of each primer's parameters, 
• appropriate genome subspecies sequences that facilitates the search for sequences. 
In practice, bench scientists normally use the tools that are previously known to them that 
would provide them with highly significant results. Therefore, usually they did not check 
whether they had used appropriate sequence databases or primer design tools. They 
normally assume that they have selected and use the most reliable ones. 
7.6.5 System Four {RLl; S4) 
System 4 provides the platform for the collective adaptation, evolution and 
transformation of all activities as a total organisation. Such an attribute is crucial for 
maintaining the functional purpose and future of whole organisation in the FAoGS 
process. This would contribute to a greater and more global level of awareness during 
experimental work, thereby enabling the system to anticipate any unexpected events 
emanating from the external environment. In practice, bench scientists are only aware of 
their current problematic work situation when they are unable to obtain significant 
experimental results as desired. Diagnosis to this level reveals the kind of work output 
that would make bench scientists aware of their work situation. Awareness of this work 
output would avoid bench scientists from encountering problematic states. These are: 
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• bench scientists need to obtain the best primer in order to compile the target gene 
into a complete sequence. Therefore, they need to locate and map the best restriction sites 
in preparing a primer. In practice, they use the tools that they think are able to inform 
them with the correct restriction sites. 
bench scientists need to obtain significant parameters for the designed primers. 
Theoretically, there are kinds of rules and parameters which are required when designing 
primers (Hancock 1999). For example, primers are usually between 18 and 20 base pairs 
long and need to be a certain distance apart. Other rules are that primers need to be 
designed against both the strands of the DNA, primers need to be designed so that they 
face each other and the primers need to be unique. There should not be any duplicate 
sequence of primers elsewhere in the DNA that is used as starting material. Awareness of 
these rules is essential as it ensures that bench scientists obtain correct primers. These 
parameters act as the bench mark that the bench scientists had designed a correct primer. 
Ideally, bench scientists need to be aware of the current status and the availability of the 
annotated DNA sequence from genome databases. This is to ensure that they could 
retrieve the whole DNA sequence and carry on with primer design and analysis 
procedures. However, in practice, bench scientists could only be aware of the current 
status of the selected databases after they had performed their operational activities and 
obtained their experimental results. This shows that S4 is unable to predict the current 
status of the databases or the kind of situations that would results in bench scientists 
encountering a problematic work situation. 
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7.6.6 System 3-4 Homeostat {RLlj S3-4 Homeostat) 
Ideally, system 3-4 Homeostat stabilises the activities of sample preparation work 
procedure. However, in practice 84 is lacking in informing 83 of the possible work 
situation that could give problems to the bench scientists. The bench scientists realise that 
they are encountering a problem in their experimental work when they are unable to 
obtain incorrect experimental results. For example, bench scientists are aware that they 
are in problematic situations when they are: 
• unable to locate the right restriction sites, 
unable to find match between primers and genome sequence, 
• unable to compile a complete gene sequence. 
In an ideal work situation, 84 should predict and inform 83 of the situation that could 
cause problems to bench scientists' work situations. When Controller{RLl;83} receives 
this information, 83 could take appropriate actions and decisions. Due to lack information 
from 84, the Controller{RL1;83} passes information to bench scientists at 
PolicyMaker{RLl;85} for further action rather than controlling the problematic situation. 
7.6.7 System Five {RLljSS} 
As mentioned previously, 85 acts on the outcome of communication between the 
Controller{RLl;83} and Intelligent{RL1:84} functions. The purpose is to intervene in 
the activities of the 83-84 homeostat and to disposed the variety of85. 
At this level ofrecursion, bench scientists at PoliqMaker{RL1;85}receives information 
controlled by Controller{RLl;83}of the current work situations. Diagnosis at this level 
revealed two types of states. These states are: 
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• State 1,' Bench scientists are able to obtain the work output as desired 
Bench scientists at PolicyMaker{RLl ;S5} define analytical enquiries and set objectives 
for the following work procedures at. subsequent levels of recursion. As 
PolicyMaker{RLl;S5} , bench scientists set conditions for the subsequent work 
procedures so that the procedural activities would be undertaken using those conditions 
as parameters for measuring the work performance. 
• State2,' Bench scientists unable to obtain the work output as desired 
Diagnosis at this level reveals that when bench scientists are unable to obtain the desired 
work output, they normally response to this situation by repeating the experiments. Still 
encountering with the problem, bench scientists at PolicyMaker{RL1 ;S5} perform 
several tasks, such as : 
1) instruct ProceduralUnit {RLl;S I} to search for literature information to detect 
any issues that might be the cause of creating problems in their experimental work, 
2) redefine aims and objectives and redefine analytical enquiries and the hypothesis 
to tailor with the problematic work situations, 
3) instruct ProceduraIUnit{RLl;Sl} to search for other experimental methods for 
possible replacement, 
4) instruct the experiments to be repeated by modifying the previously selected 
methods, 
5) replace the previous methods with new methods and repeat the experiments. 
7.6.8 Findings From VSM Diagnosis At RLl 
• Allocation of resources in resource bargain tasks performed by {RLl ;S3} are 
done on a local and individual basis rather than globally. This shows a lack of 
consistency among the information and resources used by the bench scientists at this 
level. This also reveals lack of cohesion among the procedural activities at this level. 
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• {RLl;S3*} audits the work perfonnance by checking that bench scientists had 
obtained the desired y.'ork output after they had completed their experimental work. The 
bench scientists did not audit the reliability or capability. of the resources allocated for 
each tasks. 
• {RLl;S4} is incapable of predicting the future situation that could cause problems 
to the bench scientist's experimental work. Bench scientists only realised their 
problematic work situation when they were unable to obtain desired experimental results. 
• {RLl;S3-4 Homeostat} is incapable of disposing the variety of {RLI;S5} at the 
state where bench scientists encounter problems with their experimental work. In this 
state bench scientists need to search for literature infonnation that could provide 
infonnation on the solution to their current work situation and search for new 
experimental methods. Bench scientists need to repeat their experimental work using 
infonnation collected in trial and error methods until they manage to obtain the desired 
results. 
• {RLl ;S5} needs to deal with the problematic work situation, consistently 
intervene and make decisions to keep the work system in a sustainable condition. 
{RLl ;S3} is partially capable of controlling the problematic work situation. 
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Table 7-2: Summary of VS M Diagnosis at RLl 
Recursion 
Level (RL) System One System Two 
RLI 
Compile 
Complete 
Gene 
Sequence 
(Prepare 
Sequence 
Sample) 
• Sequence 
Retrieval 
• Similarity 
Search 
• Design 
primer 
• Analyse a 
primer 
• continuous tracking and 
retrieving of whole DNA 
sequence 
a • continuous tracking and 
searching for restriction 
sites. 
• continuous tracking and 
searching of genome 
sequence 
• continuous tracking and 
searching of primer 
parameters 
• continuous tracking and 
searching for supporting 
literatures 
VSM System Entities and Functionalities 
System Three 
• allocate resources and 
negotiate for whole 
DNA sequence 
• allocate restriction 
mapping tools and 
negotiate accurate 
restriction sites 
• allocate genome 
subspecies database and 
negotiate matching 
sequences 
System Three* 
• audit the significant 
of the whole DNA 
sequence retrieved 
from database 
• audit the accuracy of 
restriction sites 
obtained 
I audit the accuracy of 
primer's 
characteristics 
obtained 
allocate primer· audit whether 
analysis tools and matched sequence 
negotiate accurate obtained between the 
characteristics of target primer and 
primer's parameters existing genome 
sequence 
• allocate similarity 
search tools and· audit whether a 
negotiate for similar complete gene 
gene sequence sequence has been 
obtained 
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System Four 
• aware of the 
situation which 
could affect retrieval 
of whole DNA 
sequence 
• aware of the 
situation which 
could affect finding 
accurate restriction 
sites 
• aware of the 
situation which 
could affect finding 
matching sequence 
• aware of the 
situation which 
could affect finding 
accurate 
parameters 
primers 
I incapable of 
predicting any of the 
above~mentioned 
events in advanced 
System Five 
In problematic work 
situation; 
• retrieve the whole 
DNA again 
• repeat experiment 
for identifying 
restriction sites 
using the same 
methods and other 
methods 
• repeat experiment 
for searching 
matching primer 
sequence 
• search for other 
literatures 
In normal work 
situation; 
• set objectives and 
define analytical 
enquiries for the 
following work 
procedures 
• set conditions and 
measurement for 
subsequent work 
procedures 
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7.7 The VSM ofFAoGS Process at the RL2 - The ORF Determination 
The viability diagnosis is now moving to the next lower level of recursion RL2. This 
level is related to the procedural activities in the work situation, where bench scientists at 
the {RL2;S I} function implement information-based activities to enable translation of 
ORF into protein and would allow search for homology. This is the work situation in 
which the bench scientists need to implement activities that enable them to identify the 
protein of the target gene. The activities of ORF determination is embedded in the 
previous work situation discussed at RLI. Basically the objective of this work situation is 
to identify possible gene loci within the complete gene sequence acquired from the 
previous work situation. From these gene loci, bench scientists would choose one that 
possesses superior characteristics for their target genes. Based on interviews conducted 
for the current study, for example, bench scientist BSI had identified a gene locus that 
might contain any ORF that is iron-regulated in its characteristics. In contrast, bench 
scientists BS2 and BS4 had looked for a gene locus that contains an ORFs that is 
positively anti genic. 
Figure 7-4 illustrates the basic structure and organisation at RL2 and the following 
section describes the VSM prescribed function from System One to System Five at RL2. 
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Figure 7-4 : The Basic Process Structure of VSM Level Two ORF Determ ination 
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Recursion Level 1 {RL2}: System One {RL2;SI} to System Five {RL2;S5} 
To analyse the RL2 level of recursion, the current section adopts the format used 
previously for discussing Recursion Level Zero (RLO) and Recursion Level One (RL I). 
As such, the notion of viability diagnosis would frame the context of this analysis. 
7.7.1 System One {RL2; SI} 
At this recursion level, a sequence of a complete target gene obtained from the work 
situation at RLl, acts as an instrument that initiates the transmission of the plan and 
procedure set by PolicyMaker{RLI;S5} at the higher level of recursion. As such, 
ProceduraIUnit{RL2;SI} uses those complete sequences of the target gene to activate 
their activities. 
At this level of recursion, the main activities in the ORF determination procedure are: 
• Sequence Alignment, 
• Similarity Search, 
• Predict ORFs, 
• Translate ORFs. 
Bench scientists at ProceduraIUnit{RL2;SI} use the complete gene sequence obtained 
from the process at the higher level of recursion to obtain gene locus. From this 
information it is possible for bench scientists to predict ORFs and obtain a protein 
sequence for the target gene. ProceduralUnit {RL2;S I} under the supervision of 
Manager{RL2;S I} interacts with Bioinformatics web sites allocated and controlled by 
Controller{RL2;S3} to obtain gene loci, identify appropriate gene locus, predict 
significant ORFs and translate ORFs. 
ProceduralUnit{RL2;SI} undertakes similarity search activities by using the BLASTp 
search tool to find an appropriate match between the genome sequence and the target 
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gene. Alignment to the sequences was made between the target gene and genome 
sequence to find locus infonnation. Manager{RL2;SI} oversees this process and infonns 
Controller {RL2;S3} for appropriate resource allocation. From the TIOR web site, 
ProceduraIUnit{RL2;SI} perfonns matching activity between the target gene sequence 
and the genome. Manager{RL2;S I} receives infonnation from ProceduralUnit {RL2;S I} 
and pass this as traits to Controller{RL2;S3}. 
Procedural Unit {RL2;SI } identifies all gene loci and gets infonnation such as position of 
the clone and predicted ORFs within each gene locus. Along with the above mentioned 
activities, ProceduraIUnit{RL2;SI} uses PubMed for articles related to the methods of 
obtaining locus infonnation as well as current infonnation in relation to the target gene, 
so that Procedural Units {RL2;S I} could pass information traits to Manager{RL2;S I}. 
Negotiated infonnation between Manager{RL2;SI} and Controller{RL2;SI} indicates 
the most significant ORFs which are necessary to initiate transmission of the plan and 
procedure. Once a decision has been made on the most suitable ORFs, 
ProceduraIUnit{RL2;SI} needs to translate the ORFs sequence in order to obtain the 
protein sequence. In this activity, ProceduraIUnit{RL2;SI} interacts With its environment 
and uses the DNA sequence and protein sequence from the resources allocated by 
Controller{RL2;SI} under the supervision of the Manager{RL2;SI}. ProceduralUnit 
{RL2;S I} selects portions of ORFs from start codon and stop codon to translate the gene 
sequence into an amino acid sequence. 
7.7.2 System Two {RL2;S2} 
The function and role of Coordinator{RL2;S2} is to regulate the oscillation of activities 
in identifying gene loci and to predict and translate ORFs. The reason is for harmonising 
and stabilising the activities of {RL2;S I} procedural units. Some of the examples of 
activities related to this role are as follows :-
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a) Continuous trackingfor matching between gene and genome sequences. 
Bench scientists at Manager{RL2;S I} facilitate the search and tracking for matching 
between the gene and genome sequences from resources which have been allocated for 
this activity. Therefore the tasks performed by the bench scientists are: 
• manage searching and tracking genome database for similarity search, 
• manage searching and tracking of gene sequence from the genome. 
As the ProceduraIUnit{RLO;SI} would need to gather matched gene sequence for 
identifying gene locus. Therefore, the tasks performed by the bench scientists are: 
• identifying and listing the target genome sequences from appropriate database, 
• identifying the percentage of similarity between sequences, 
• listing the matching sequences with high percentage similarity. 
b) Continuous tracking of gene loci and literature information 
Bench scientists at Manager{RL2;S I} need to manage the search for gene loci and their 
information associated with each of them. Therefore, the tasks performed by the bench 
scientists are: 
• search and continuous tracking of significant gene loci for gene sequences, 
• search for gene loci information, 
• search for the most significant locus with supporting literature information. 
The {RL2;S I} procedural unit needs to collect all the gene loci together with information 
associated with each of them. Therefore, the tasks performed by the bench scientists are: 
• collecting and gathering gene loci from the sequence, 
• collecting and gathering information concerning each of the gene locus, 
• listing out the most significant gene locus. 
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c) Continuous tracking ofORFs and its protein coding region 
Bench scientists at Manager{RL2;SI} perfonned the following tasks: 
• search for ORFs in each of the identified gene locus, 
• search for protein coding region for each ORFs. 
As ProceduralUnit {RL2;S3}, bench scientists reduce its variety by: 
• collecting the predicted ORFs for each gene locus, 
• listing out the protein coding region for each ORFs. 
e) Continous tracking of literature infonnation 
Bench scientists at.Manager{RL2;SI} need to perform the following tasks: 
• search for literature information associated with the current work situation. 
As Procedural Unit {RL2;S I }, bench scientists perform the following tasks: 
• collect and gather literature information to support current work situation. 
7.7.3 System Three (RL2;S3) 
Ideally, bench scientists at the Controller {RL2; S3 } need to consistently keep track of 
coordinated information from Coordinator{RL2;S3}. Simultaneously, 
Controller{RL2;S3} needs to negotiate infonnation traits delivered by the 
Manager{RL2;S I} during global resource bargaining activities. This then to ensures that 
bench scientists as Controller{RL2;S3} are able to pass it to S4 and waiting for input 
from S4 before any decision making and taking appropriate actions. 
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Infonnation traits negotiated between Manager{RL2;S3} and Controller{RL2;S3} would 
be used by Controller{RL2;S3} as input to Intelligent{RL2;S4} to predict the current 
work situation. From the interviews, infonnation traits negotiated between 
Manager{RL2;Sl} and Controller{RLl;S3} are: 
• significant listing of gene loci, 
• collection of clones positions and significant ORFs with each locus, 
• collection of significant ORF infonnation such as their putative identification, 
gene length, molecular weight and percentage of GC, 
• accurate protein coding region for each significant ORF 
• relevant collection of literature-based infonnation to support activities of 
ProceduraIUnit{RL2;Sl} as well as experimental methods 
Controller{RL2;S3} needs to consistently checks that the infonnation traits negotiated 
adhere to some conditions and measures imposed by PolicyMaker{RL2;S5}. However, in 
practice, negotiating infonnation traits against the resources allocated needs to be 
undertaken on an individual basis or locally rather than globally. Controller{RL2;S3} 
dispatches this negotiated infonnation to Intelligent{RL2;S4} so that S4 could infonn the 
state of the current work situation. This infonnation is essential for bench scielltists at 
Controller{RL2;S3} to perfonn deci~ion making and for allowing PolicyMaker{RL2;S5} 
to plan and design the activities of the work procedures at the subsequent recursion level. 
7.7.4 System Three* {RL2;S3*} 
This function introduces a degree of variety in order to destroy variety of the 
Controller{RL2;S3}. The role of System S3* is ensuring the accurate use ofinfonnation 
and resources within the context of ORF detennination. Such a role would be advantage 
ones in supporting identification of gene locus, predicting ORFs and translating the ORFs 
sequence into the protein sequence. 
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Diagnosis at this level revealed that bench scientists performed the following tasks which 
relate to auditing their experimental results. These are: 
• check whether they had collected a significant list of gene loci, 
• check whether they had collected a relevant list of positive clones, 
• check whether they had collected a list of ORFs within each gene locus, 
• check whether they had identified a significant gene locus which contains 
significant ORF sequence, 
• check whether they had accurately translate ORFs into a protein coding region, 
• check whether they had encoded accurate ORF information. 
In practice, bench scientists do not monitor whether they had used appropriate databases 
or computational tools. They normally use the tools that they are familiar with and 
assume that they have selected and used the most reliable ones. 
7.7.5 System Four {RL2;S4} 
Similar to S4 at the higher level of recursion, the function of S4 is to provide a platform 
for the collective adaptation, evolution and transformation of all the activities as total 
organisation. In the context of this study, S4 should be aware of the state of the current 
work situation of the bench scientists. This then could enable the work system to 
anticipate any unexpected events emanating from the external environment. 
Diagnosis at this level reveals the kind of work outputs that would make bench scientists 
aware of the state of their work situation. These are: 
• successfully obtain numbers of positive clones in each of the gene loci, 
• successfully identify the gene locus for the positive clones, 
• successfully identify the desired gene locus which contains significant ORFs 
• successfully obtain the protein coding region for the significant ORFs, 
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• successfully obtain relevant ORF infonnation that would support the hypothesis 
of the bench scientists. 
However, in practice, bench scientists are aware of this situation only when they have 
completed each task of the work procedure. S4 is lacking in providing bench scientists 
with predictive infonnation in relation to the state of their work situation. 
7.7.6 System 3-4 Homeostat {RL2; S3-4 Homeostat} 
Similar to the above level of recursion, System 3-4 Homeostat is partially functioning. 
Diagnosis at this level reveals that bench scientists at Controller{RLO;S3} usually 
receive input from S4 in relation to their work situations after they have completed each 
task. As mentioned earlier, S4 fails to give the bench scientists any early information 
relating to their work situation. There are two different states in which bench scientists as 
Controller{RLO;S3} need to make decisions and take action. In both states, bench 
scientists at Controller{RLO;S3} pass the information to the PolicyMaker{RLO;S3} for 
further planning for the subsequent level, 
7.7.7 System Five {S2;S5} 
Diagnosis at this level reveals that bench scientists at PolicyMaker{RL2;S5} formulate 
plans and procedures based on any decisions and action by the Controller{RL2;S3} 
rather than S3-4 Homeostat. In the state where bench scientists encounter a problematic 
work situation, Polic.yMaker{RL2;S5} performs several tasks, such as : 
I) instruct ProceduraIUnit{RL2;SI} to search for literature information to detect 
any issues that might be the cause for bench scientists to be unable to obtain positive 
clones, significant gene locus, accurate protein coding region and relevant ORF 
information, 
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2) redefine aims and objectives and at the same time redefine analytical enquiries 
and hypothesis to tailor with the problematic work situations as mentioned above, 
3) instruct ProceduraIUnit{RL2;SI} to search other experimental methods' for 
detennining ORFs' work procedure in order to find a possible replacement, 
4) instruct the experiments for detennining ORF work procedure to be repeated by 
modifying the previously selected methods, 
5) instruct the replacement of the previous methods with new found methods and 
repeat the experiments. 
However, in the state where bench scientists manage to obtain experimental results as 
desired, bench scientists at PolicyMaker{RL2;S5} define analytical enquiries for the 
work procedures such as search homologues at the subsequent recursion level. This 
would also include the conditions which act as the measurement of the bench scientists' 
work perfonnance. 
7.7.8 Findings From VSM Diagnosis At RL2 
• Allocation of resources in resource bargaining activities is done locally and on an 
individual and sequence basis by Controller{RL2;S3} to support 
ProceduraIUnit{RL2;SI} operational activities. Auditor{RL2;S3*} checks the type of 
. infonnation obtained as the work output rather than the appropriate use of resources. 
• Transmission of plan and procedure at {RL2;S5} is basically initiated by input 
from Controller{RL2;S3} rather that input from the negative feedback loop in the S3-4 
Homeostat. The incapability of S4 to provide predictive infonnation to the bench 
scientists of the state of the future work situation could lead to instability of the work 
system. 
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• To avoid work system failure, {RL2;S5} needs to handle variety by instructing 
the experiment to be repeated with either the previously selected experimental methods, 
. or using new methods found from literature. The experimental work is undertaken on a 
trial and error process until desired work output is achieved. 
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Recursion 
Level 
(RL) 
RL2 
EncodeORFs 
(ORFs 
Determination) 
System 
One 
• Sequence 
Alignment 
• Similarity 
Search 
• Predict ORFs 
• Translate 
ORFs 
Table 7-3 : Summary of VSM Diagnosis at RL2 
System Two 
• continuous tracking 
and searching for 
matching gene and 
genome sequences 
• continuous tracking 
and searching for gene 
loci positions 
• continuous tracking 
and searching for ORFs 
positions 
• continuous tracking 
and searching for ORFs 
protein coding region 
• continuous tracking 
and searching 
supporting literature 
information 
VSM System Entities and Activities 
System Three 
• allocate similarity 
tools and negotiate for 
matching gene 
sequence 
• allocate genome 
databases and negotiate 
database for accurate 
and significant gene 
locus 
• allocate genome 
databases and negotiate 
for significant ORFs 
• allocate protein 
databases and negotiate 
for accurate protein 
coding region 
• allocate literature 
databases and negotiate 
for relevant literature 
information 
System Three* System Fonr System Five 
• audit significant • aware with situation 
identification of which could affect 
In problematic work 
situation; 
gene loci, 
audit collection 
of relevant positive 
clones 
• audit accuracy of 
significant ORFs 
obtained from each 
gene locus 
• audit the accuracy 
of translating ORF 
sequences into 
protein sequences 
• audit the accuracy 
of encode ORFs 
information 
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finding matching 
gene sequence 
• aware with 
situation which could 
affect finding 
significant gene locus 
• aware with situation 
which could 
obtaining significant 
ORFs 
• aware with situation 
which could affect 
ORF sequence 
translation into 
protein sequence 
• repeat experiment 
for obtaining positive 
clones, significant 
gene locus, protein 
coding region using 
the same methods 
• repeat all the above 
experiments using 
other methods or 
modify the previous 
selected methods 
search for other 
literatures 
normal work 
situation; 
• aware with situation 
which could affect In 
finding appropriate 
literature • set objectives and 
infonnation. 
• incapable in 
predicting any of the 
above problematic 
situation. 
define analytical 
enquiries for the 
following work 
procedures 
• set conditions and 
measurement for 
subsequent work 
procedures 
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7.8 The VSM of FAoGS at the RL3 - Homologues Identification 
Viability diagnosis is now moving to the next lower level of the recursion structure, 
which is the RL3. Bench scientists who conduct activities at this level would have to deal 
with homologue identification. The term homologue is often used to signify the existence 
of sequence similarity (Kanehisa 2001). The purpose of this procedure is to find out 
whether the protein sequences obtained from the previous level of recursion are 
homologous to others in existing databases. Input is from the higher level of recursion, 
particularly the plan, objectives and conditions are set by PolicyMaker{RL3;S5} in order 
to activate the functions and activities at RL3 level. 
At RL3 level, diagnosis involves investigating the viability of activities in the search 
homologues work situation. Information concerning the homologues found during the 
analysis could support bench scientists in determining the putative function of the target 
gene. This is the reason why searching for homologues is considered as one of the most 
important work situations in bioinformatics analysis work. 
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Recursion LeveI3{RL3}: System One {RL3;SI} to System Five {RL3:SS} 
To analyse the RL3 level of recursion, the current section adopts the format used 
previously for discussing Recursion Level Zero {RLO}, Recursion Level One {RLI} and 
Recursion Level Two {RL2}. As such, the notion of viability diagnosis would frame the 
context of the analysis. 
7.8.1 System One {RL3; SI} 
The main tasks in homology identification at this level of recursion are sequence 
alignment, similarity search and literature searching. Therefore, three major 
ProceduraIUnit{RL3;S I} could be outlined as follows: 
• Sequence Alignment, 
• Similarity Search. 
Sequence alignment is a process which involves arranging molecular sequences. This 
alignment could either be for DNA, RNA or protein's primary. The purpose of sequence 
alignment is to align those primary sequences in order to identify region of similarity 
between the query sequences and the existing sequences. Similar regions between two 
sequences show that there may be a consequence of functional relationships between the 
sequences. 
Similarity search, on the other hand, is the process where bench scientists find a match 
between two aligned sequences. Similarity between those aligned sequences is identified 
using a variable known as identity. Bench scientist, BS2 was informed that to consider 
existing sequence as homologues to the query sequence, the percentage identify between 
the aligned sequences must be above 40%. 
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From the interviews, it was found that bench scientists search for homologues for four 
reasons. These are : 
• to identify homologues with unknown function, 
• to identify homologues of known function, 
• to identify homologues from protein family members of same species, 
• to identify homologues from protein family members of different species. 
The ProceduraIUnit{RL3;SI} perform sequence alignment which is previously planned 
by PolicyMaker{RL3;SS} and instructed through the Controller{RL3;S3}. There are 
variety of methods for performing sequence alignment. The methods implemented by 
ProceduraIUnit{RL3;SI} are normally set by the bench scientists at 
PolicyMaker{RL3;SI}. The Manager{RL3;SI} needs to oversee that 
ProceduraIUnits{RL3;SI} undertake sequence alignment in accordance with the 
intentions of PolicyMaker{RL3;S I} as described earlier. 
The ProceduraIUnit{RL3;SI} would search for homologues using methods, algorithms 
and tools allocated by the Controller{RL3;S3} and as instructed by 
PolicyMaker{RL3;SS}. These techniques could either be global or local alignment and 
pairwise or multiple sequence alignment. Techniques for global alignment are known as 
the Needleman-Wunsch algorithm, meanwhile for local alignment it known as the Smith-
Waterman algorithm. Most of the bench scientists who had been interviewed adapt the 
Pairwise aligment for conducting similarity search. They use database search tools known 
as BLASTp to perform similarity search between the query protein sequence with the 
existing protein database such as PROSITE. 
The Manager{RL3;SI} would then negotiate information it receives from 
ProceduraIUnit{RL3;SI) with the Controller{RL3;S3}. Some examples of this 
information are: 
• list of homologues with unknown function, 
• list of homologues sequences with known function, 
• list of paralagous homologues sequences, 
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• list of orthologous homologues sequences. 
ProceduralUnits {RL3;S 1 } search homologues for the query protein sequence as 
instructed by PolicyMaker{RL3;S5} using protein databases as allocated by 
Controller{RL3;S3}. The activity of searching for homologues continues until the bench 
scientist is able to detect an accession number of significant homology. The 
Manager{RL3;SI} oversees this activity and passes any results obtained from 
ProceduralUnit {RL3;S I} to the Controller {RL3; S3} at the negotiating space. 
7.8.2 System Two {RL3;S2} 
The role of Coordinator{RL3;S2} is to regulate the oscillation of activities for sequence 
alignment and similarity searching. This is important for harmonising and stabilising the 
activities of ProceduraIUnit{RL3;S2}. Some of the examples of activities related to this 
role are as follows: 
a) Continuous tracking and matching scores (% of identity between query sequence and 
existing protein sequence) 
Bench scientists at Manager{RL3;SI} need to regulate the search and tracking of 
matched protein sequences from the protein database. Bench scientists search for 
matched query sequence by tracking the matching scores between the query sequences 
and existing sequences from databases. From the interviews, the database concern is the 
'nr general' database from TIGR website and PROSITE. 
The ProceduralUnit{RL3;SI} needs to get the identifier or accession number from 
TIGR, the start and end of the match which gives the percentage identity of the matched 
sequence together with descriptions of all the matched protein sequences. The 
ProceduraIUnit{RL3;SI} needs to collect homologues which have a matching score over 
40%. 
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b) Continuous tracking o/homologues' descriptions which elaborate their profiles. 
Bench scientists at Manager{RL3;SI} need to regulate the search for a homologues' 
profile which has identity and positive over 60% and 40% respectively. This includes 
information related to the protein type and publications produced by previous researchers 
concerning the homologues. On the other hand, the ProceduralUnit {RL3;S I} needs to 
collect descriptions of the matching sequences or homologues. 
7.S.3 System Three {RL3jS3} 
Ideally, at the negotiating space, Controller{RL3;S3} needs to consistently keep track of 
information traits gained from the Manager{RL3;S I}. They need to ensure that the 
information traits delivered by the Manager{RL3;S I} adhere with some conditions and 
measures imposed by PolicyMaker{RL3;S3} at the previous recursion level. Tracking of 
information traits was made during resource bargain activities undertaken by 
Controller{RL3;S3} . 
In practice, bench scientists select a portion of sequences from a database to align then 
with the query sequence. At this stage, bench scientists at Controller{RL3;S3} need to 
allocate suitable databases and methods to perform the tasks based on the instruction by 
PolicyMaker{RL3;S2} at the previous recursion level. Such methods could either be 
global or local alignment and pairwise or multiple alignment. Decisions on appropriate 
, 
sequence alignment methods to be chosen would lead to a decision on suitable similarity 
search techniques or algorithms. The N eedleman-Wunsh algorithm and the Smith-
Waterman algorithm are the techniques found to be suitable for global and local 
alignment respectively. Other types of algorithms which are found to be suitable for 
sequence alignment are the PASTA and BLAST algorithms. 
Allocation of resources for homologues identification work procedure undertaken by the 
Controller{RL3;S3} is not only performed on the basis of the alignment methods and 
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similarity searching techniques, decision for the suitability of the resources allocated by 
the bench scientists as a Controller{RL3;S3} is dependent on the types of similarity 
searching tasks that need to be performed as instructed by Polic;yMaker{RL3;S3}. There 
are different types of similarity searching tasks as described by Stevens et al. (200 I). 
These types are 'Nucleic acid vs nucleic acid', 'protein vs protein', 'translated nucleic 
acid vs protein', 'unspecified sequence type' and 'search for non-coding DNA'. In the 
current study, most of the interviewed bench scientists perform the 'protein to protein' 
type of similarity searching. 
After allocation of resources for the tasks, information traits negotiated between 
Manager{RL2;S3} and Controller{RL2;S3} would be used by Controller{RL2;S3} as 
input to Intelligent {RL2;S4} to predict any problematic work situation. From the 
interviews, information traits negotiated between Manager{RL2;S I} and 
Controller{RLI;S3} are identified as: 
• collection of matched sequences which are referred to as homologues, 
• collection of matched descriptions or profiles in relation to the homologues, 
• collection of matched published publications of references concerning the 
homologues. 
The Controller{RL3;S3} delivers this information in the form of 'here and now' 
information to Intelligent{RL3;S4}. In an ideal situation, bench scientists would use 
those traits and the input from Intelligent {RL3;S3 } to decide whether it is possible for the 
PolicyMaker{RL3;S3} to plan and design the work procedures at subsequent levels. 
7.8.4 System Three* {RL3;S3*} 
At this level of recursion, the auditing function is exercised when bench scientists 
checked whether they had collected matched sequences which are known to them as 
homologues. 
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7.8.5 System Four {RL3; S4} 
Ideally, the role of {RL3;S4} is to be aware of the current work situation that could 
intelligently predict any unanticipated events. In practice, when receiving input from the 
Controller{RL3;S3}, bench scientists are aware of their work situation after they had 
completed each task and obtained their experimental results. Diagnosis at this level 
reveals that bench scientists are aware of the parameters that would allow them to 
understand the state of their current work situation. The bench scientists are aware that 
they should obtain a matched sequence between the query and existing sequences (as 
mentioned by bench scientists). 
However, to deal with unexpected events, it was found that bench scientists normally 
perform trial and error methods rather than 'intelligentlY' predict those events. They 
normally assume that the cause for the problem might be due to a wrong sample obtained 
at the previous level of recursion. S4 fails to inform them before hand of any problematic 
work situations. 
7.8.6 System 3-4 Homeostat 
The incapability of S4 to inform of any future problematic work situation makes the role 
of System 3-4 Homeostat at this level of recursion non existent. 
7.8.7 System Five {RL3;SS} 
Decisions to transform the current work situation to subsequent work situations are made 
by PolicyMaker{RL3;S5} using information obtained from the Controller{RL3;S5}. 
Controller{RL3;S3} requires significant information traits to enable PolicyMaker 
{RL3;S5} to design and plan subsequent work procedures. Unable to obtain input from 
Intelligent{RL3;S4} makes bench scientists at ProceduraIUnit{RL3;SI} perform 
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repeated trial and error experimental activities as instructed by PolicyMaker{RL3;S5} 
through Controller{RL3;S3}. 
Similarly to the above recursion level, bench scientists at PolicyMaker{RL3;S5} 
encounter two different states of work situation. In the state where bench scientists 
obtained experimental results as they desired, PolicyMaker{RL3;S5}defines analytical 
enquiries, plans, sets objectives and designs experiments for the subsequent work 
procedures. This procedure includes a series of analyses known as domain, motif, 
hydrophobicity and signal peptide analysis. PolicyMaker{RL3;S5} needs to set 
conditions as measurement to the bench scientists work performance. 
However, in the state where bench scientists are unable to obtain experimental results as 
desired, PolicyMaker{RL3;S5} instruct the bench scientists at ProceduralUnit{RL3;SI} 
to repeat the experiments and search for problem solution. At this state, bench scientists 
may need to instruct Auditor{RL2;S3*} and Auditor{RLl;S3*} at the previous recursion 
to check whether they had obtained correct sample. Bench scientists at 
PolicyMaker{RL3;S5} may also instruct ProceduraIUnit{RL3;SI} to repeat experiments 
from the previous recursion, which is RLl. 
7.8.8 Findings From VSM Diagnosis At RL3 
• In a problematic work situation, {RL3;S5} receives input from {RLO;S3}. The 
negative feedback loop is not functioning due to the lack of S4 function. 
• {RL3;S3*} only audits the work output after bench scientists have completed 
similarity search tasks. The percentage identity of the similarity provides information as 
to whether the matched sequence has been identified or otherwise. 
• To avoid a work system failure {RL3;S5} needs to repeat experiments from the 
work procedure at the previous level of recursion which is RLl. 
198 
Recursion 
Level (RL) System One 
RL3 
Search 
Homologue 
(Protein 
Homologue 
Identification) 
• Sequence 
Alignment 
• Similarity 
Search 
Table 7-4: Summary of VSM Diagnosis at RL3 
. 
System Two 
• continuous tracking 
and searching for 
matching sequences 
• continuous tracking 
and searching 
sequences with high 
percentage identity 
• continuous tracking 
of descriptions for 
matching sequence 
with high percentage 
identity 
• continuous tracking 
and searching for 
supporting literature 
infonnation 
VSM System Entities and Activities 
System Three 
• allocate similarity 
searching tools and 
algorithm for finding 
matching protein 
sequences 
• allocate literature 
databases for finding 
relevant and matched 
literatures based on 
homologues profiles 
System Three * 
• audit whether 
matched sequences 
were obtained 
between the query 
and existing protein 
sequences 
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• aware of situation In problematic work 
that could affect situation; 
obtaining matching • repeat experiment 
sequences to identifY matched 
• aware of situation 
that could affect 
finding relevant 
literature 
infonnation 
protein sequence 
• repeat experiments 
at RL1 using other 
methods or modifY 
the previous selected 
methods 
• incapable 
predicting 
above-mentioned 
of 
the • search for other 
events that are 
problematic 
literatures 
In normal work 
situation; 
• set objectives and 
define analytical 
enquiries for the 
following work 
procedures 
• set conditions and 
measurement for 
subsequent work 
procedures 
Chapter Seven The Application of VS M to Bioinformatics Analysis Work Situation 
7.9 The VSM of FAoGS Process at the RL4 - Domain and Motif Analysis 
Viability diagnosis is now moving to RL4. Bench scientists who conduct activities at this 
level would have to deal with the situation to detennine the characteristic of the protein. 
To detennine protein characteristics, bench scientists need to find common features of the 
protein based on the homologues' profiles. These homologues were obtained at the 
previous level of recursion. In this procedure, common features between the homologues 
and the target protein sequence would detennine the putative function of the gene 
sequence. Examples of common features identified are represented at the subsequent 
recursion level RL5 in the Process Recursion Model (PRM). At this level of recursion, 
domain and motif analysis is considered as the work procedure that would provide 
infonnation on the enzymatic, binding and transport characteristics of the protein. 
Figure 7-6 illustrates the basic process structure of RL4 level and the following section 
describes the steps in diagnosis undertaken against each of the VSM functions. 
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Recursion LeveI4{RL4}: System One {RL4;SI} to System Five {RL4:SS} 
To analyse the RL4 level of recursion, the current section adopts the format used 
previously for discussing all the previous levels in the previous sections. 
7.9.1 System One {RL4; SI} 
Diagnosis at this level reveals that procedural activities of ProceduraIUnit{RL4;SI} at 
this level of recursion are almost the same as the tasks at the previous recursion level 
(RL3). The main tasks in determining protein characteristics at this level of recursion are 
• Sequence Alignment, 
• Similarity Searching. 
However the purpose and context for undertaking those activities are different from the 
previous ones. At this recursion level, the context of sequence alignment and similarity 
searching procedures is for finding similar sequence patterns between the homologues 
and the target protein sequences. 
In this activity, ProceduraIUnit{RL4;SI} searches for the similar regions between the 
query sequence and the homologues which has been identified previously. Bench 
scientists normally hypothesised features of query sequence using the homologues' 
profile. The homologue profiles were used as the main source to identify the enzymatic 
characteristics of the query protein. Regions which were found to be similar between the 
query sequence and the homologues were noted and identified. Procedural Unit {RL4;S I } 
operational activities also include searching for clusters of similar region within the 
sequence together with identifying the GC (Guanine Cytosine) content. This GC content 
indicates the stability of the target protein. 
202 
Chapter Seven The Application of VS M to Bioinformatics Analysis Work Situation 
Manager{RL4;S I} oversees the search for similarity between the two sequences and the 
use of appropriate algorithms as allocated by Controller{RL4;S3} and instructed by 
PolicyMaker{RL4;S5}. The Manager{RL4;Sl} passes the region of sequence patterns, 
together with G and C content, the enzymatic type of the protein sequence to the 
Controller {RL4; S3 }. 
7.9.2 System Two {RL4;S2} 
Examples of the actions taken for harmonising and stabilising procedural activities, in 
relation to the role of bench scientists as Coordinator{RL4;S2} are : 
a) Continuous tracking and matching of sequence patterns between query sequence and 
homologues. 
Bench scientists at Manager{RL3;Sl} facilitate the search and tracking of similar 
sequence patterns between the target protein sequence and the homologues. 
The ProceduralUnit {RL3;S I} needs to get any similar patterns between the two 
sequences and identify them as domain activity and motif sequences respectively. 
b) Tracking of homologues' descriptions which elaborate their common features. 
Bench scientists at Manager{RL3;Sl} facilitate the identification of homologues' profile 
which indicates the types of domain activity for the homologues. On the other hand, the 
ProceduraIUnit{RL3;S I} needs to collect descriptions of this domain activity to match 
with the bench scientists' hypothesis. 
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7.9.3 System Three {RL4jS3} 
Diagnosis at this level reveals that allocation of resources was made at RL3 level rather 
than RL4 level. The reason is because the same tasks are being implemented by 
ProceduraIUnit{RL4;S I} and ProceduraIUnit{RL3;S I}. 
The infonnation trait negotiated between Manager{RL2;SI} and Controller{RL1;S3} is 
identified as matched sequence patterns between the target protein and the homologues. 
This is the trait that would allow bench scientists to decide whether they had obtained the 
target protein as what they had hypothesised such as the enzymatic type of the target 
protein sequence. The Controller{RL3;S3} delivers this infonnation in the fonn of 'here 
and now' to PolicyMaker{RL4;S5} by bypassing Intelligent{RL4;S4}. 
7.9.4 System Three* {RL4jS3*} 
At this level of recursion, the auditing function is not locally exercised as it is basically 
done by the auditing function at {RL3;S3*}. 
7.9.5 System Four {RL4jS4} 
At this recursion level, Intelligent {RL4;S4} fails to function effectively. 
Intelligent {RL4;S4} could not infonn in advance the bench scientists of any problematic 
work situation. They only realised their problematic work situation when they were 
unable to find match sequence pattern. 
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7.9.6 System 3-4 Homeostat {RL4; 3-4 Homeostat} 
The incapability of S3 to control the allocation of resources at this level and S4 to inform 
any future problematic work situation makes the role of System 3-4 Homeostat at this 
level of recursion does not exists. 
7.9.7 System Five {RL4; SS} 
Diagnosis at this level reveals that bench scientists at PolicyMaker{RL4;S5} instruct 
ProceduraIUnit{RL4;SI} to repeat searching for similar sequence patterns or repeat 
identifying the homologues. This is the case when bench scientists are in the state of a 
problematic work situation. 
In the state where bench scientists manage to find similar a sequence pattern, 
PolicyMaker{RL4;S5}establishes the functions of the protein before further verification 
ofthe function is made in the wet laboratory. 
7.9.8 Findings From VSM Diagnosis At RL4 
• Allocation of resources to the bench scientists for performing tasks was made at 
RL3 rather than RL4. Auditing work perfonnance was also done at RL3. 
• Both {RL4;S3} and {RL4;S4} are not functioning at this level which makes 
{RL4;S3-4 Homeostat} non existent. In a problematic work situation, bench scientists 
may need to repeat experiments at the previous recursion level. This would increase the 
time and cost of the FAoGS process. 
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7.10 The VSM of FAoGS Process at the RLS - The Putative Function of the Protein 
The purpose of this recursion level is to show the final work output of bioinfonnatics 
analysis for FAoGS. The types of work output for this recursion level are the common 
features that bench scientists had established from their work procedures at the previous 
recursion level. 
7.10.1 System One {RLS; SI} 
The main task for ProceduralUnit{RL5;SI} at this level of recursion is to gather 
common features of the target gene sequence. From the interviews, bench scientists 
establish three types of function. These are either enzymatic function, binding function or 
transport function. 
7.10.2 System Two {RLS;S2} 
At this level, the function of Coordinator{RL5;S2} is to coordinate the establishment of 
the identified protein functions so that bench scientists are able to verify them in the wet 
laboratory. For example, bench scientists would establish that the enzymatic function of 
the target gene is glucosamidase, which then proceeds in detennining the binding 
function ofthe protein. 
7.10.3 System Three{RLS;S3} 
The function of Controller{RL5;S3} at this level is to decide whether bench scientists 
have established the predictive protein function as desired and hypothesised by them. 
Allocation of resources at this level of recursion was made by the Controller at the 
previous level {RL3:S3}. 
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7.10.4 System Three*{RLS;S3*} 
At this level of recursion, the auditing functions are not locally exercised as it is basically 
done by auditing function at {RL3;S3*}. 
7.10.5 System Four {RLS;S4} 
At this recursion level, Intelligent{RL4;S4} could not infonn the bench scientists in 
advanced of any problematic work situation. 
7.10.6 System 3-4 Homeostat {RLS; 3-4 Homeostat} 
System 3-4 Homeostat at this level of recursion does not exist. 
7.10.7 System Five {RLS; SS} 
At this level of recursion, bench scientists as PolicyMaker{RL5;S5} receive infonnation 
from Controller{RL5;S3} which infonns that bench scientists had established the 
hypothesised and desired putative function for the target gene sequence. This infonnation 
would allow bench scientists to tenninate bioinformatics work system and trigger work in 
the wet laboratory environment. 
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Chapter Eight 
Discussion 
8.1 Introduction 
Discussion 
In the previous chapters (Five, Six and Seven), data have been collected from 
interviews and analysed in order to achieve the research aims. The analysis of these 
data has used three hybrid concepts (Work Domain Analysis, the Integrated 
Information Behaviour Model and the Viable System Model) and generated two 
significant models. The results of the analysis, which were represented in the form of 
an Abstraction Hierarchy (AH) and Process Recursion Model (PRM), were discussed 
and interpreted in order to achieve the research aims and objectives of this study. This 
discussion is linked to the aims, objectives, problem statements and related literature 
reviews. This chapter includes nine sections: Bioinformatics Information Space; 
Concepts for Bioinformatics Work Domain Analysis; Evaluation of Work Domain 
Representation in the Situation-independent state; Evaluation of Work Domain 
Representation in Multiple and Recursive Work Situations; Organisation of Work 
Structures in Bioinformatics Work; Information Behaviour in Bioinformatics Analysis 
Work; Communication Structures within Bioinformatics Work Systems; Information 
Systems Design Considerations and the proposed Information Design. 
8.2 Bioinformatics Information Space (BIS) 
Traditional methods of information management often treat rich information 
environments as a corporate resource (Choo et al. 2000). This is the case for 
information technologists who adopt ayailable technologies as solutions in 
information management. However, one contemporary approach has suggested a 
different view of information management, that is by adopting a holistic approach in 
investigating how people create, use, transfer and exchange information (Davenport 
1997). Such an approach is suited to investigating the Bioinformatics Information 
Space (BIS). To do this, two components of the BIS serve as the focus of the current 
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investigation. They are 1) bench scientists who undertake bioinformatics analysis 
work and 2) the information environment, where most essential information is 
deposited in bioinformatics resources for potential use by bench scientists. The 
information environment also contains computational tools like the BLAST tool, 
RediSoft cloning tool etc for bench scientists who use them to manipulate sequence 
data and interpret the findings obtained. 
Essentially, Chapter Three reflects issues and problems surrounding bench scientists' 
information enviromnent. On the other hand, taking the complex systems concepts as 
suggested by Flood and Carson (1993) and Bossomaier and Green (2000), it is 
assumed that there is a complex inter-relationship between the two components of the 
BIS. The existence of complex inter-relationships within BIS initiated and justified 
the need to investigate the issues surrounding bioinformatics analysis work for the 
Functional Analysis of Gene Sequence (FAoGS) process. As such, Chapter Four 
discusses the issues of undertaking bioinformatics analysis which then become' a basis 
for the formulation of the theoretical framework for further investigation. Chapter 
Three on the other hand, provides supporting evidence for the evolution of 
biotechnologies and bioinformatics resources. The current study suggests that a rich 
information environment may not be the only source of complexity for bench 
scientists who undertake bioinformatics analysis work. Other factors, such as how 
bench scientists use information during their experimental work, are also important. 
As such, the current study requires an appropriate strategy for examining BIS. This 
was attempted by treating the work domain of bioinformatics analysis as consisting of 
the information-driven activities undertaken by the bench scientists. 
8.2.1 Strategy for Examining the Nature of Bioinformatics Analysis Work 
Procedural activities in bioinformatics analysis work are complex processes to 
perform. This is apparent for bench scientists who undertake the process of 
determining the functions of gene sequences. One procedural activity involves 
searching relevant data on genomic, gene and amino acid sequences from available 
molecular databases (Bartlett and Toms 2005). Alternatively, this complexity could 
also be linked to the nature of bioinformatics analytical activities, which involve the 
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use of various databases and tools that correspond to the different types of 
experimental procedures scientists could perform (SiepeI200Jb). 
In order to comprehend the extent of this complexity, semi-structured interviews were 
initially conducted with ten bench scientists who worked in various research areas 
within three different departments of the Faculty of Pure Science, University of 
Sheffield. A series of follow up interviews concerning bioinformatics work 
procedures were conducted with four bench scientists from the Molecular 
Microbiology research group. These scientists were involved with the FAoGS 
process. The objective of these interviews was to comprehend the inter-relationship 
between bench scientists' work procedures, particularly the activities and information 
collated and used from bioinformatics resources. Appropriate methods and concepts 
were reviewed and selected in developing a conceptual and theoretical framework that 
would facilitate the examination of the BIS. 
8.2.2 Examining Issues in Information Environment 
A greater part of existing literature such as Vyas and Summers (2005) refers to the 
rich biological information environment as the main initiator of the two types of 
problems discussed in Chapter One. The problems are the interoperability of 
bioinformatics resources and information overload. Syntactic and semantic 
, 
heterogeneities that exist among bioinformatics resources and their information 
contents are the source of the interoperability problems. This could affect the flow of 
information between work procedures, effectively preventing bench scientists from 
eliciting the appropriate information for an intended work procedure. Finally those 
problems could affect the total work performance of the bench scientists. 
Simultaneously, information overload could occur if bench scientists are unable to 
filter the massive amount of information encountered while searching and retrieving 
the right information. Both problems present a challenge to systems analysts' and 
designers' efforts to provide solutions capable of providing bench scientists with more 
effective management of biological information. 
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The current literature also revealed many research initiatives aimed at minimising 
interoperability issues. However, such initiatives were mainly focussed on 
technological solutions. Some examples are: 
• the use of a component-based approach in facilitating the integration of 
different tools while undertaking bioinformatic analysis work (Siepel et ai, 2001a; 
Siepel et al. 2001 b). 
• the use of standards, such as the XML approach, in solving syntactic 
heterogeneity issues (Xia et al. 2002). 
• the use of ontologies in solving semantic heterogeneity issues and facilitating 
access to bioinformatic information sources (Goble et al. 2001). 
More recent research has suggested the use of technologies such as Web Services and 
the Semantic Web to minimise interoperability issues. One of these explored the 
capabilities of Web Services in providing interoperability solutions among different 
resource platforms (Chelsom, et aI., 2002). An extended version of Web technologies, 
known as the Semantic Web, is capable of overcoming semantic heterogeneities 
among resources (Goble, 2003). The Semantic Web has embedded knowledge 
representation capabilities for enhancing Web performance in overcoming semantic 
heterogeneities. Critical comparisons between both technologies are crucial, 
particularly on how they could be applied in the biological domain (Vyas and 
Summers 2005). However, the current study uses previous literature, which discussed 
the crucial role of information technologies as the main medium for providing 
solutions to current problems, as supporting information. 
The main aims of bioinformatics analysis, in the context of bench scientists' use of 
information from bioinformatics resources, is to support their experimental work. On 
this basis, the current study advocates the development of a conceptual and theoretical 
framework for investigating the nature of BIS in general and information-based 
experimental work or 'bioinformatic analysis' in particular. Such a framework was 
previously discussed and explained in Chapters Two and Four. The following section 
further expounds the development of this framework and the means for evaluating its 
investigation process. 
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8.3. Concepts for Bioinformatics Work Domain and Situational Analysis 
The first approach in investigating the BIS was developing a conceptual and 
theoretical framework that possesses clearly prescribed individual units of analysis. 
Current literature and case study data would provide the necessary support for this 
effort. 
Through a theoretical framework, it is possible to outline and adopt appropriate 
concepts for investigating BIS components. For the current study, the following three 
concepts were considered: 
• Work Domain Analysis (WDA) - this concept is crucial for extracting the 
basic features ofbioinformatic work, 
• the Integrated Information Behaviour Model (IIBM) - this is to facilitate the 
identification of work situations, information traits and information use during 
bioinformatics work, 
• the Viable System Model (VSM) - this provides the ability to diagnose the 
viability ofbioinformatics procedural activities for particular work situations. 
Before adopting these concepts for data analysis, semi-structured· interviews with 
bench scientists were conducted. These interviews lead to a series of preliminary 
overviews of bioinformatics works undertaken by participating bench scientists, 
particularly those concerning the FAoGS process. Section 5.4.6 provided some 
preliminary overviews of the work processes. 
These preliminary overviews show that the interviewed bench scientists performed 
bioinformatics analysis work for preparing gene samples. They need these samples so 
that they are able to replicate, transcribe and translate the gene sample into protein 
sequences. This shows that the working process of the bench scientists is in accord 
with the Central Dogma rules of molecular biology and that bench scientists conduct 
bioinformatics analysis work to support their experimental work in material 
processing. As described by Brazma (200 I), the material processing tasks of the 
scientists may require information processing which ideally should be supported by 
Laboratory Information Management Systems (LIMS). 
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To investigate the bioinfonnatics work domain in detail, the three aforementioned 
concepts are considered. Adopting these concepts would lead to three different 
perspectives on the bioinfonnatic work domain in relation to the Functional Analysis 
of Gene Sequence (F AoGS) process. These perspectives are: 
• Perspective I: Work domain in the situation-independent state, 
• Perspective 2: Work domain in the situation-dependent state, 
• Perspective 3: Work domain in multiple and recursive work situations. 
The following section discusses each perspective in the context of the current study. 
8.3.1 Perspective 1: Work domain in the Situation-Independent State 
In this perspective, bioinfonnatics work was investigated without considering the 
situations or processes of FAoGS. This merely serves to extract the basic features of 
bioinfonnatics work. The results of WDA in the situation-independent state are 
represented in the fonn of an Abstraction Hierarchy (AH). The AH could be regarded 
as a functional inventory map for bioinfonnatic analysis work. 
8.3.2 Perspective 2: Work domain in the situation-dependent state 
Perspective 2 incorporates the situational aspect of bench scientists' involvement in 
the F AoGS process as part of this investigation of the nature of bioinfonnatics work. 
In this case, the infonnation behaviour approach is applied to the investigation of 
bioinfonnatic analysis work. The investigation focuses on the identification of work 
situations, together with infonnation traits and the state of infonnation use. The 
results of this analysis are presented in a series of tables. The tables are categorised 
based on the functional purposes for conducting bioinfonnatic analysis. 
8.3.3 Perspective 3: Work domain in multiple and recursive work situations 
Perspective 3 provides a system-based investigation of bioinfonnatics work. This is 
perfonned by treating the work domain ofbioinfonnatics analysis as an organisation. 
In this context, bioinfonnatics work is investigated and represented in terms of 
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process recursive structures. This supports the diagnosis of the viability of the 
experimental work, the results of which are then tabulated in the form of the Process 
Recursion Model (PRM). Such a representation contains the descriptions of tasks and 
activities in each VS M-prescribed function in a recursive manner. 
8.4 Evaluation of Work Domain Representation in the Situation-independent 
State 
This section describes the evaluation of the representation of the work domain in the 
situation-independent state as shown in Figure 6-1. 
8.4.1 Initial and Outline Representation of A Work Domain 
The basic features of bioinformatics work are presented in the form of an Abstraction 
Hierarchy (AH), which is a formalised tool for representing a work domain of interest 
(Sawyer et al. 1996). Figure 6-1 illustrates simple links between work abstraction 
levels by using What, Why and How connections. For instance, the positioning of the 
ORFs determination functions (the WHAT) at the general functions level is key to 
enabling bench scientists' identification of highly significant ORFs from gene 
sequences at the abstract functions level (the WHY). To achieve their experimental 
objectives, bench scientists need to compare the sequences of target genes with those 
of genomes from selected databases. This is followed by the identification of the 
region of the sequence between the start and stop 'codons' (the HOW) at the physical 
functions level. 
The Abstraction Hierarchy (AH) is considered a robust tool for modelling complex 
work domains (Sawyer et al. 1996; Burns et al. 2005). However, the WHAT, WHY and 
HOW line of enquiries do not reveal the causal nature of the links across the five 
different levels of the AH. Revealing causal relationships is crucial for modelling and 
representing complex systems (Rasmussen et al. 1994). Therefore, the current study 
only considers the AH as a formalised tool for representing preliminary and basic 
features of the bioinformatics work domain. This representation could serve more 
appropriately as a functional inventory map of bioinformatics work features rather 
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than as a platform for providing a rich picture of a work domain, as suggested by 
Bums et al. (2005). Such an approach had been adopted in an effort to model the work 
domain of a hydro scheme control (Sanderson et al. 2003). The notion of a functional 
inventory map requires more in-depth investigation of the processes and activities of a 
work domain. But no attempt has been made previously to model the bioinformatics 
work domain, which provides the functional inventory of bioinformatics work at the. 
five levels of abstraction. 
Figure 6-1 acts as input for understanding the work functions of bioinformatics 
analysis at the higher level and as a mechanism for investigating the detail levels of 
procedural activities. 
8.4.2 Representing the Static Nature of the Work Domain 
The AH is considered unsuitable for representing complex domains such as the 
medical domain (Miller 2004). However, the study by Miller (2004) did not elaborate 
further on these limitations. This study attempts to represent the bioinformatics 
analysis work domain despite the limitations of the AH described by Miller (2004). 
This would reveal the kind of limitations not mentioned by Miller (2004) in 
representing a complex work domain like bioinformatics analysis. The biological 
domain has many similarities with the medical domain. The bioinformatics analysis 
for F AoGS is considered as a complex process by Bartlett and Toms (2005). The 
interview data revealed that bench scientists interact with genomes, genes and protein 
sequences in certain functions of bioinfonnatics work. They too need to manipulate 
those sequences using tools such as BLAST, SignalP program, Redisoft cloning 
software and many others. 
The limitations found in the representation of bioinformatics analysis work in the 
form of an AH are: 
• the Abstraction Hierarchy (AH) model provides a static representation of the 
work domain. The reason is due to the absence of causal links between elements 
within the work domain. This absence of causal links between the elements makes the 
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representation unable to reveal the dynamic behaviour of the bioinfonnatics work 
domain. 
• the AH is unable to reveal the flow of infonnation between activities identified 
at the General Functions level. It also lacks the capabilities to reveal infonnation 
flows across different levels of the AH representation. The main reason for this 
limitation could be that each level provides a different kind of abstraction and, 
therefore, requires representation in a different fonnat. This heterogeneity in concept 
and abstraction is what makes it difficult to determine the infonnation flow between 
the different levels of AH. 
Both of these limitations reveal that an AH is incapable of showing the dynamic 
behaviour of a complex work domain and the descriptive knowledge of WHAT, 
HOW and WHEN does not provide an insight into the nature of the infonnation flow 
across the Abstraction Hierarchy (AH). 
8.4.3 Provide Multiple Views of Assumptions About Purposive Actions 
The AH model ofbioinfonnatics analysis work provides a multiple view of purposive. 
actions which could be assumed by system analysts. The top level of the AH shows 
the functional purpose of conducting bioinfonnatics analysis work. The interview data 
reveal that bench scientists perfonn bioinfonnatics analysis work to enable them to 
prepare gene sequence samples. To do this, they need to define several analytical 
enquiries, which initiate further actions to fulfil the functional purpose. 
The lowest level of the AH shows the kind of data and tools (resources) used by 
bench scientists throughout bioinfonnatics work. Because AH is only capable of 
showing the static nature of the bioinfonnatics work domain, this representation only 
provides assumptions as to the kind of actions undertaken by bench scientists to fulfil 
their functional purpose. The purposive actions undertaken by the interviewed bench 
scientists are assumed as: 
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• at the top-level view, bench scientists are often in the position to discover 
whether a particular sequence is complete, or they might want to find other sequences 
that are homologous with their target genes. At this level, the AH representation could 
also provide an outlook on the possible transitions to the current state of Functional 
Purpose. For example, a group of bench scientists might be at a stage of finding 
complete gene sequences. In response to circumstances related to components at the 
lower level of the AH spectrum, they could shift their state of functional purpose to 
encoding ORFs. However, if the bench scientists are unable to encode ORFs, they 
might then move back to the original task stipulated at the functional purpose level, 
which is finding complete gene sequences. 
• at the lower level, bench scientists use either genome sequences or protein 
sequences collected from either the NCBI or TIGR web sites to fulfil their functional 
purposes. These resources are assessed by bench scientists in relation to their 
correspondence with the sequences of the target genes. At this level, it is" assumed that 
bench scientists assess the reliability of the data and resources used by them through 
obtaining significant experimental results identified at the Abstraction Level. 
This characteristic of an AH suggests that its use needs to be supplemented by other 
methods so that the purposive actions of the bench scientists can be revealed. This is 
the reason why the study attempts to hybridise the use of the AH in representing the 
bioinformatics work domain with the Integrated Information Behaviour Model 
(IIBM) and the Viable System Model (VSM) for further investigating the 
complexities of the work domain. 
8.5 Evaluation of Work Domain Representation in the Situation-dependent State 
This section provides an evaluation on the representation of work domains in the 
situation-dependent state. The work domains were previously tabulated into four 
variables (Table 6-1 to Table 6-4) in Chapter Six. 
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8.5.1 Decomposition of Abstraction Hierarchy (AH) 
Four tables of Analytical Enquiry referred to as Table 6-1 to Table 6-4 were 
decomposed from the top level of the Abstraction Hierarchy (AH). Decomposition 
begins at the Functional Purpose level. Its aim is to render the analysis of 
bioinformatics processes a more manageable affair to the system analyst. Each table 
contains patterns of bioinformatics activities applicable to the Functional Analysis of 
Gene Sequence (F AoGS) process. 
Using the four variables (Problem Situation, Problem Dimension, Information Traits, 
Information Use) suggested by the Integrated Information Behaviour Model (lIB M), 
each table of Analytical Enquiry imparts knowledge of bench scientists' work 
situations to the systems analyst involved in the evaluation process. The knowledge 
includes the characteristics of information on particular activities in any work 
situation as well as the context of the information use. The scenario of information 
use that leads to the delivery of a certain information output from a work situation is 
also displayed in the tables. 
The work situations listed in each Analytical Enquiry category are described as 
sequences of actions. For example, in an enquiry to find out whether a sequence is 
complete, bench scientists could be on the verge of producing DNA fragments or 
primers. They are then required to find matches between genome sequences and the 
primer. The objective is to assemble matching sequences into an entire, complete 
sequence of the target gene. For such a situation, bench scientists could utilise 
information from a specific website to find similar sequences. From the interview, an 
example of a common website used by the bench scientists is known as TIGR. TIGR 
is a public bioinformatics website managed by The Institute for Genomic Research 
which provides a variety of databases such as 'Comprehensive Microbial Resources', 
'Parasites Databases', 'Fungal Databases' and 'Genomic Properties Database '. 
However, those tables represent the activities in each work situation as being 
sequential. This is the traditional way of analysing tasks (Rasmussen, et aI, 1994). 
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8.5.2 Initial description of work situations 
The Analytical Enquiry Tables provide initial descriptions of bench scientists' work 
situations. Each work situation involves the collection and utilisation of biological 
information. Information used and produced during bioinformatics activities is 
characterised by its traits and use. The traits simply indicate that there is information 
delivered in each situation. They offer a measure of accuracy for the actual 
information produced according to what is desired by bench scientists within any 
particular work situation. They also serve as a parameter for determining whether the 
right resources have been allocated for the bioinformatics procedures that bench 
scientists need to perform. 
However, the table of Analytical Enquiry only offers an initial rather than an elaborate 
description of activities in work situations. Furthermore, it does not provide a 
meaningful characterisation of the activities that bench scientists perform during 
analysis. It does not reveal how bench scientists coordinate multiple activities within a 
particular work situation. Systemic interventions like the Viable System Model 
(VSM) would rectify these circumstances by shifting the representation of the work 
domain towards multiple and recursive work situations. This is particularly useful 
when applied to bioinformatics analysis for FAoGS, which is perceived as a self-
regulating, living system that keeps evolving. 
8.6 Evaluation of Work Domain Representation in Multiple and Recursive Work 
Situations 
This section discusses the evaluation of the bioinformatics work domain within 
multiple and recursive work situations. These work situations are represented by the 
Process Recursion Model (PRM) in Figure 7-1. 
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8.6.1 Systems-based perspective in investigating work domains 
In the systems-based perspective, the Process Recursion Model (PRM) revealed the 
decomposition of the bioinformatics work into five recursive levels of work 
situations. The tabulated data from Table 6-1 to Table 6-4 in Chapter 6 became the 
main source of input for decomposing and re-categorising the activities into refined 
work situations. The PRM was developed through the analysis of bioinformatics 
procedural activities within the work system. The viability of procedural activities 
within each work situation could be established through the Viable System Model 
(VSM). The use of VSM for investigating bioinformatics activities in each of the 
work situations would enrich the results previously obtained. Initial investigations 
using the AH did not take into account the dynamic nature of the activities that 
transpire. The only focus here was to identify the basic features· of bioinformatics 
work. Through VSM, investigation ofbioinformatics work would encompass VSM's 
five functional activities of the bench scientist; this is on top of the operational or 
procedural activities identified previously in Chapter Six. Besides the operational 
function, VSM's functional activities include Coordination, Control, Intelligent and 
Policy. 
The tabulated data from Table 6-1 to Table 6-4 in Chapter Six contained descriptions 
of work situations in terms of actions taken during bioinformatics work activities. 
However, this method is unsuitable for representing recursive work domains. Hence, 
the activities were re-evaluated and analysed from a systems-based perspective. This 
involved the development of PRM for the FAoGS process. In this approach, 
bioinformatics work for the F AoGS process is initially perceived as consisting of a 
single primary procedural activity. The serial production of recursion levels shown in 
Figure 7-1 identifies other activities that are embedded within the primary activity. 
From the interviews, the primary activity of F AoGS is discovered as being the design 
of experiments. One of the procedural activities that has become the focus of this 
study is preparing gene samples so that bench scientists are able to use them to 
determine the putative function of the target gene sequence. For example, embedded 
in the FAoGS process is the activity of preparing a gene sample. In preparing the 
sample, bench scientists undertake activities known as 'design and analyse primer'. 
The objective here is to obtain a sample of complete genes sequences. The results 
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obtained from these activities would enable bench scientists to decide whether to 
proceed with another activity in the next lower level or repeat the same activities until 
the desired information output is received. 
8.6.2 Representing recursive transformation of bioinformatics work situations 
The Process Recursion Model (PRM) suggests that the transformation of work and 
information situations occurs in the course of bioinformatics activities. These 
activities were performed within the context of information behaviour activities (i.e. 
information need-seeking-use) prescribed by the Integrated Information Behaviour 
Model (liB M). Through this information behaviour activity, the transformation of 
work situations occurs whenever bench scientists obtain the desired information 
output. From the analysis of the interview data, among the type of information that 
becomes the conditions for this transformation are: 
• successfully obtaining DNA fragments, 
• successfully collecting entire gene sequences, 
• successfully obtaining a list of ORF sequences, 
• successfully obtaining a list of protein sequences. 
Two of the five prescribed functions in VSM, the Coordination and Control functions, 
play important roles in this transformation. The Coordination function coordinates the 
activities of procedural units and the use of information from the resources allocated 
to those units. Interviews with the bench scientists reveal that they coordinate the 
procedural activities in the situation where they want to compile complete gene 
sequence by: 
• continuously tracking and collecting past and present published experimental 
methods and techniques from bioinformatics resources, 
• continuously tracking relevant genome sequences, 
• continuously searching and tracking restriction sites, 
• continuously tracking and collecting primer characteristics. 
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The purpose of the Control function is to identifY bench scientists' decision-making 
processes based on the allocation of resources required by each procedural unit within 
a work situation. This decision would change the current state of bench scientists' 
work situation. The decision would be the basis for bench scientists to plan, design 
and implement the following procedural activities at the next lower recursion level. 
From the interviews, some examples of the decisions are: 
• whether the whole DNA sequence found from the allocated resources is 
significant for retrieval, 
• whether the restriction sites found using the Redisoft cloning' software are 
significant, since the sites for bench scientists cut the sequence into a primer, 
• using Cloning Manager software, to find whether the primer characteristics are 
significant. 
The transformation of the current work situation into subsequent work situations only 
becomes evident when the Control function is functioning. It is at this point where the 
allocation of various resources to the work procedures successfully gives bench 
scientists their desired information output. However, the interviews reveal that the 
bench scientists normally repeat their experiments or find another experimental 
method or modifY the existing one if they are unable to obtain significant results from 
the experiments. No evidence has been found from the analysis of the interview data 
that bench scientists could predict the outcome of their experimental work. 
8.6.3 Representing Dynamic Nature of Bioinformatics Work 
The Process Recursive Model (PRM) reflects the dynamic nature of bioinformatics 
work. This contrasts with the descriptive representation of the Abstraction Hierarchy 
(AH) in representing such activities. The PRM is especially valuable in revealing the 
transformation of bioinformatics work situations. These include transformation from 
the compiling complete genome sequence work situation, to encode ORFs, to identify 
protein homologues and then to determine protein characteristics. The AH approach 
does not reveal the causal links between elements and the feedback loop for each level 
of abstraction. In contrast, PRM makes explicit the step-by-step evolution of work 
situations. Essentially, this facilitates the investigation of bioinformatics activities, 
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from one level of recursion to another. Furthermore, it is possible then to examine the 
feedback loop at each recursive level by using the five prescribed VSM functions: 
Operational, Coordination, Control, Intelligent and Policy. 
8.7 Organisation of Work Structure in Bioinformatics Work 
There are two types of bioinformatics work domain representation derived from the 
current study. These are I) the Abstraction Hierarchy (AH) and 2) the Process 
Recursion Model (PRM). The AH representation shows the conceptualisation of the 
bioinformatics work domain in the form of a means-end structure. On the other hand, 
the Process Recursion Model (PRM) shows the conceptualisation and representation 
ofbioinformatics work in the form of a recursive structure. 
This section describes and discusses these two types of work structure aimed at 
conceptualising the bioinformatics work domain. Discussions concerning these 
representations were made briefly in earlier sections. However, the context of the 
discussions in this section concerns the effectiveness of each structure for information 
system design. This also includes how effective the organisation of work structure is 
in revealing how bioinformatics work activities communicate between themselves. 
8.7.1 The Means-Ends Structure of Bioinformatics Analysis Work 
The AH representation of bioinformatics work is shown in Figure 6-1. The means-end 
structures of bioinformatics work domain identified within the AH are explained in 
Section 6.3.1. to Section 6.3.4. The means-end structure of bioinformatics work 
derived from the Abstraction Hierarchy (AH) representation shows the 
interrelationships between the elements at each level in the form of a linear hierarchy 
(Yu et al. 2002). Due to this linear-hierarchical representation of the work structure, it 
is quite impossible to see how the environment influences bioinformatics work. Vice-
versa, it is also impossible to see how bench scientists' work activities would 
influence their environment. 
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In the context of this study, the objective of the means-end structure is to represent the 
functional properties of bioinformatics work at five abstraction levels. Each level in 
the means-end structure was represented by providing relevant conceptual 
descriptions of bioinformatics works for each respective level. The top level 
comprises conceptual descriptions of the work system objectives or the purpose of 
conducting bioinformatics work, whilst the lowest level provides conceptual 
descriptions of the resources that are being used by bench scientists, such as the types 
of sequence data, computational tools and web sites with which the bench scientists 
may interact. The middle representation aims at providing links that could tie the top 
level with the lowest level, which leads to the formation of a means-end structure of 
bioinformatics work. A complete means-end structure shows that the two extreme 
levels (the top and the lowest) are being connected in order to provide the systems 
analyst with an understanding of the work system's objectives and the utilisation of 
information from bioinformatics resources. 
8.7.2 The Means-Ends Structure as a Functional Inventory Map 
According to Rasmussen et al. (1994), the means-end structure could give 
descriptions of eitherlboth the functional and intentional properties of any work 
domain. However, in the current study, the means-end structure, which was produced 
in Figure 6-1, shows a description ofbioinforrnatics work in terms of a 'functional' 
mean-ends structure. The AH provide functional properties in terms of descriptions 
which relate to the goals and objectives of the work systems. Descriptions such as the 
kind of general functions in the work domain, together with its processes, and 
measures imposed during bioinformatics procedural activities in terms of resource 
allocations, are also included. Lastly, AH also includes descriptions of the object 
being used by the bench scientists, in this case, sequence data and literature 
information from bioinformatics websites. All of these descriptions were compiled as 
a complete functional inventory map. This functional map is considered very useful as 
a support document for designing an information representation for domains such as 
FAoGS. According to Miller (2004), the design of the information representations 
needs to accommodate all available resources so that these resources can be evaluated 
and selected in any given particular circumstance. In addition, this inventory is also 
useful for representing information where a systems analyst could assume the possible 
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tasks that would need to be undertaken by the bench scientists. This functional 
inventory map could help the systems analyst to preconceive the tasks that need to be 
tailored to fit the dynamic of individual information workers. 
However, functional properties alone, without incorporating situational elements and 
intentional properties, would only allow a systems analyst to design information 
regardless of context and the behavioural nature of the work systems. To describe the 
bioinformatics work domain in terms of intentional properties and to include the 
situational elements and behaviour characteristics of the work system, the means-end 
structure in Figure 6-1 requires further decomposition. Ideally, to describe intentional 
properties, the work domain should be described in terms of how priorities are set up 
and how the flow of 'money, people and goods' are directed to serve the higher goals, 
such as the coordination of the processes in order to serve various functions, control 
of the boundary conditions, selections of objects and the exploration of the 
opportunities and constraints (Rasmussen et a!. 1994). 
The AH representation in Figure 6-1, describes the functional purpose of 
bioinformatics work in terms of the types of analytical enquiries imposed by the 
bench scientists. As explained previously, this type of work structure provides system 
analysts with functional properties. However, these properties only allow them to 
make assumptions about the possible actions taken by the bench scientists. To be able 
to incorporate situational and intentional properties and to conceptualise the behaviour 
of the work system, the current study decomposes the means-ends structure into a 
recursive structure using the information behaviour approach (HBM, Detlor 2003) and 
a system-based approach known as the Viable System Model (VSM, Beer, 1979). 
8.7.3 The Process Recursive Structure of Bioinformatics Analysis Work 
Bioinformatics analysis work is a complex problem-solving task. As such, design of 
information should take the situation context into account and should allow 
information workers to develop and maintain situation awareness (Albers, 1999). The 
AH representation of the work domain is incapable of showing the situational context 
and purposive actions of the bench scientists. 
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As such, in the current study, the Functional Analysis of Gene Sequence (F AoGS) 
process becomes the main situation ofbioinformatics work. The top recursion level of 
the recursive structure of the F AoGS process is perceived as containing a chunk of 
bioinformatics procedural activity. Adapting IIBM and VSM enables the 
decomposition of this activity within a work situation. Decomposition of the 
procedural activities within each work situation was done by identifying sets of 
embedded activities. This would enable the systems analyst to conceptualise the 
transitions of the bioinformatics work situations. The transitions involved in the 
bioinformatics work situation in the 'Functional Analysis of Gene Sequence' process 
were identified as: 
• Compile complete gene --+ Encode ORF 
• Encode ORFs --+ Search Homologues 
• Search Homologues --+ Protein Analysis 
• Protein Analysis --+ Determine Protein Function 
8.7.4 Transitions of Work Situations 
The process-recursive structure shows the transitions of work situations through 
adapting IIBM and VSM. Transition between one situation and another was identified 
in the context of information need-seeking-use activities with the purpose of 
answering analytical enquiries. The point oftransition was formulated from the use of 
VSM. Table 7-1 to Table 7-6 in Chapter Seven provide a summary of relations for 
each of the VSM functions in bioinformatics work. Transitions from one recursive 
level to another are controlled by bench scientists' decision-making processes and the 
ability to adapt to any changes in their environment. The interview data show that the 
decision-making process was involved when bench scientists received highly 
significant and positive results. Information traits identified in Chapter Six are the 
variables used as a measurement for any decision-making. Examples include a list of 
accurate gene sequences, correct restriction sites and accurate primer parameters from 
selected bioinformatics resources. However, there is no evidence of how bench 
scientists predict or are aware of the current work situation. As a result, there is 
something lacking in the adaptability mechanism within the Bioinformatics 
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Infonnation Space (BIS), which could affect the total work perfonnance. This is the 
bench scientists' inability to successfully evolve from one situation within their 
problematic environment to another. 
Diagnosis at each recursion level using the five prescribed functions of VSM could 
help the systems analyst to investigate the cohesiveness of activities in particular work 
situations. This also includes the ability to adapt within a changing environment. In 
this study, analysis of the bioinfonnatics work domain takes into consideration the 
cohesiveness of each procedural activity within the work domain. This would then 
enable the systems analyst to find out whether any infonnation-sharing exists among 
procedural activities. Moreover, when the situational context and the dynamics of 
bench scientists' experimental work are taken into consideration, the systems analyst 
could design an infonnation system that would allow bench scientists to have greater 
work situation awareness. 
s.s Evaluation of Information Behaviour in Bioinformatic Analysis Work 
The fonnulation of the Process Recursive Model (PRM) shows that adaptation of 
infonnation behaviour concepts could assist in fonnulating the transfonnation of 
particular work situations. Thus the PRM model conceptualises bioinfonnatics work 
situations into five recursion levels. Each recursion level shows the transitions of the 
bioinfonnatics work situation in the context bench scientists' infonnation need-
seeking-use activities. This representation not only shows transitions of work 
situations but also allows the further diagnosis of each recursion level in order to 
assist systems analysts in identifying the viability of bioinfonnatics procedural 
activities. This is necessary to detennine whether the bioinfonnatics work could adapt 
to any changes within the environment. 
When undertaking an experimental procedure, bench scientists need appropriate 
infonnation. This infonnation need of bench scientists could support the identification 
of infonnation requirements that would fulfil the functional purpose of undertaking a 
procedure. For instance, functional purposes identified from the work domain analysis 
in Chapter Six show the types of analytical enquiries nonnally defined during 
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bioinformatics work. To get some answers to these enquiries, bench scientists are 
confined in several states of work situations. In each of these work situations, bench 
scientists undertake a variety of bioinformatics procedures. To obtain appropriate 
information, bench scientists search for relevant information. These requirements 
could then be used to justifY the searching process undertaken. The bench scientists 
communicate with their rich information environment to seek for particular 
information and decide whether the information they receive is significant in 
providing answers to their analytical enquiries. Searching and communicating with 
their information environment continues if no substantial results that could solve the 
current problems were obtained. 
Some examples of the searching process identified from analysing interview data are: 
• search and collect past and present published experimental methods, 
• search for matching genome and protein sequences, 
• search for matching sequence patterns. 
The current study suggests that incorporating the information need-seeking-use 
activities of the bench scientists into the VSM framework could support the analysis 
of any work system. In general, it could assist the systems analyst in identifYing the 
transformation of one work situation into another. In detail, this could involve: 
• gathering information requirements for supporting bioinformatics procedural 
activities, 
• analysing interactions or communications among procedural activities within 
their internal and external environment, 
• analysing any conditions set by bench scientists while coordinating and 
controlling the activities. 
The basic process structures of bioinformatics analysis work, which were represented 
in Chapter Seven as Figures 7-2 to 7-5, reveal the communications which could 
possibly occur between bench scientists and their internal and external environments. 
These communications take place while bench scientists conduct bioinformatics work 
for FAoGS. Understanding these communications could support system analysts in 
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comprehending the cohesiveness of the autonomous procedural activities and the 
adaptive behaviour of those activities in particular work situations (Espejo 2003) .. 
8.8.1 Communications with the Internal Environment 
Bench scientists communicate with their internal environment while undertaking 
procedural activities within a particular work situation. In the context of this current 
study, the main procedural activity of the interviewed bench scientists is applied to the 
Functional Analysis of Gene sequence (FAoGS) process. This main procedural 
activity was further decomposed recursively into several units of bioinformatics 
procedures by identifying the transformations of work situations during information 
need-seeking-use activities. Tables 7-1 to 7-5 show a summary of the VSM diagnosis. 
The aim of this diagnosis is to establish the viability of those procedural activities 
undertaken by bench scientists at each particular work situation. While undertaking 
each individual bioinformatics procedural activity, bench scientists interact locally 
with resources from their information environment. For example, in a work situation 
where bench scientists need to compile a complete gene sequence, bench scientists 
need to interact with resources like genome databases; primer design tools, such as 
Redisoft Cloning or Cloning Manager, and similarity search tools that use BLAST, or 
BLASTp algorithms. 
However, to allow the transmission of plans and procedures from the current 
recursion level to the next lower level of recursion (i.e. from preparing a gene sample 
to determining ORF sequences), bench scientists need to successfully obtain the right 
primer and to coordinate and control information and resources effectively so that 
they can obtain the correct primer. This is essential if they are to fulfil the functional 
purpose of the current bioinformatics procedure. For instance, bench scientists should 
coordinate the tools used for restriction-mapping with the tools for verifying a 
primer's parameters. This is to ensure that bench scientists are able to identify 
restriction sites which could give them a primer with the desired type of 
characteristics. At this stage, literature information is a handy supporting mechanism 
that would provide a certain kind of input to enhance the bench scientists' operational 
activities. 
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8.8.2 Communications with the External Environment 
Ideally, as described by Qureshi and Urlings (1999), information workers like the 
bench scientists need to consistently understand the state of their environment and the 
relevant parameters for the system, which are necessary to keep the work system in a 
balanced state. In the context of this study, understanding how bench scientists are 
aware of their environmental state was achieved by understanding the objectives or 
functional purposes of each bioinformatics work procedure. This would also include. 
the information needed to fulfil those functional purposes. 
During information need-seek-use activities, bench scientists interact with 
bioinformatics resources to obtain relevant information so that they can achieve their 
work objectives successfully. Ideally in information behaviour activities, bench 
scientists communicate with the external environment in a state where they are aware . 
of their current work situation. This is to ensure that they are in a prepared mode 
whenever they are faced with unexpected events. Bench scientists need to be aware of 
all the possible factors that could introduce error into their work system. These errors, 
if not prevented or anticipated at an earlier stage, could cause work systems to fail 
(Rasmussen et al. 1994). In this situation, appropriate decision-making and actions are 
required by the bench scientists in order to keep the work system in balance. Any 
actions taken in this problematic situation would determine the adaptability of the 
bioinformatics work system to any changes or unanticipated events. 
Adapting VSM to the diagnosis of bioinformatics activities provides a possible 
method for investigating those activities at a meta-systemic level. This function would 
assist systems analysts in investigating the bench scientists' awareness about their 
current work situation. From the interviews with the bench scientists, it was found 
that this requires significant experimental results to be obtained from their 
experimental work procedures. These experimental results could become the 
conditions for measuring the work performance of bench scientists. Analysis of the 
interview data reveals that the experimental results that could become parameters for 
these conditions include: 
• obtaining a highly conserved gene locus, 
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• obtaining highly significant and prominent ORFs, 
• obtaining a high degree of identity between two similar sequences, 
• obtaining high numbers of signal peptide and glycosylation sites, 
• obtaining high numbers of hydrophobic regions within protein sequences. 
The iterative cycle of information need-seek-use activities continues until bench 
scientists' activities are able to fulfil the above-mentioned conditions. Inability to 
achieve those work conditions would require bench scientists to interact with their 
extemal environment and make appropriate decisions. From the interviews, it was 
found that bench scientists repeat their experimental work when they are unable to 
obtain appropriate experimental results. In this situation, they interact with their 
environment to search for current R&D or technological issues which could be 
responsible for the disturbance to their work situation. Vice versa, they. may use 
information related to current R&D and technologies to recreate their problematic 
work situation. However, there is no evidence from the interview data that bench 
scientists are able to predict any situation that might cause disturbance to their work 
performance. 
8.9 Information Structures within a Bioinformatics Work System 
Communications between bench scientists and their information environment while 
undertaking bioinformatics activities could also disclose the structure of information. 
This structure assists systems analysts in mapping the flows of information in two 
dimensions. The first dimension would be between bioinformatics work procedures. 
The other would be from one work situation to another. 
The complexity of the bioinformatics analysis work associated with the FAoGS 
process could be connected with the existence of interactions between elements 
within the work system (Flood and Carson, 1993). Development of the Process 
Recursive Model (PRM) could be considered as successfully decomposing the 
complexity of the bioinformatics work. Instead of one single FAoGS process, PRM 
decomposes it into five levels of recursion and also allows a systems analyst to 
evaluate the information structures in each work situation. Investigations of these 
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information structures were undertaken at each recursion level, as well as the ones 
that connect one work situation to another. This is an important aspect to facilitate the 
design of integrated information systems. 
8.9.1 Information Structures between Recursive Bioinformatics Work Situations 
The PRM could assists systems analysts in identifying the organisation of dynamic 
bioinformatics work systems recursively. The stability of the work system depends 
greatly on communication and control between bench scientists and their environment 
while undertaking procedural activities. Using PRM, it is possible to investigate 
communications between bench scientists with their environment in fulfilling the 
objectives of their current work procedures. Section 8.8 discusses the ability of PRM 
using HBM and VSM methods to reveal the types of parameters that become the 
conditions for bench scientists to receive the desired work output. This section 
discusses the ability of PRM to use both methods mentioned above in identifying 
information-sharing between procedural activities. 
Below is the recursive structure of the bioinformatics work situation in terms of 
procedural work activities. These procedural activities are stated in brackets: 
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Functional Analysis of Gene -> Compile Complete Sequence 
Sequence 
(Prepare Gene Sample, Validate 
Experimental Methods, Confirm 
Sample, Literature Searching) 
Compile Complete Sequence 
(Sequence Retrieval, Similarity 
Searching, Design Primer, Primer, 
Analyse Primer, Literature Searching) 
-> 
(Sequence Retrieval, Similarity 
Search, Design Primer, Primer, 
Analyse Primer) 
EncodeORF 
(Similarity Search, Predict ORFs, 
Translate ORFs, Literature 
Searching) 
EncodeORF -> . Search Homologue 
(Similarity Search, Predict ORFs, 
Translate ORFs, Literature Searching) 
Search Homologue -> 
(Search Protein Profile, Similarity 
Search, Literature Searching) 
(Sequence Alignment, Search Protein 
Profile, Similarity Search, Literature 
Searching) 
Determine Protein 
Characteristic 
(Sequence Alignment, Similarity 
Searching, Literature Searching) 
From the above, two important aspects can be identified. These are: 
• information flows at a high level of representation, 
• information-sharing among the procedural activities. 
8.9.2 Mapping Information Flows 
Figure 8-1 illustrates the visualisation of information flows at a high level of 
representation. 
This section intends to demonstrate information flows between bioinformatics work 
situations at a high level of representation. It includes control processes undertaken by 
bench scientists at each level of recursion. 
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Figure 8-1 : In formation fl ows in recursive bioinfonnatic work situations, extracted 
fro m the Process Recursion Model (PRM) 
Figure 8-1 illustrates that it is possible to visua li se information which fl ows across a 
recursive bioin fo rmatics work situation. It is also poss ible fo r a systems anal yst to 
break down Figure 8-1 into another level should a more detailed representation be 
required fo r in formation design . At a detailed leve l of representation, it is possible to 
vi sualise information flows across each procedural acti vity. 
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8.9.3 Mapping Information Sharing 
The infonnation structure identified from the fonnulation of PRM could also help a 
systems analyst to map infonnation sharing among bioinfonnatics procedural 
activities. For instance, analysis of the interview data reveals that the similarity-
searching procedural activity occurs in each work situation. Section 8.9.1 reveals that 
for each work situation (compile complete gene sequence, encode ORFs, search 
homologues, detennine protein characteristics), bench scientists conduct the 
similarity-searching procedural activity. This shows that similar sequence data and 
computational tools (BLAST and BLASTp) are being used by bench scientists in 
different situations and contexts. 
Ideally, to solve semantic heterogeneities among the procedural activities to facilitate 
infonnation integration, it is necessary for system analysts to identify any shared 
interpretations and meanings in the work procedures. The current study attempts to 
demonstrate the existence of possible shared interpretations that could exist within the 
infonnation shared by each work situation. Figure 8-2 shows a hierarchy for the 
similarity search cluster as the main instance of procedural activity. 
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Similarity Search 
Search sequence Search phylogenelic Irees 
Genome 
Figure 8-2: Hierarchical structure of the similarity search work cluster 
This shows that the fo rmulati on of PRM could support systems ana lysts in designing 
effective information services fo r in formation-based experimental work . The 
Functional Analysis of Gene Sequence is a process which invo lves problem-so lving 
by discovering potential in formation from bioinformatic resources. Having this 
characteristic, the design of information services for thi s type of process should take 
into account its high information content (Albers, 1999). An inability to take into 
account this type of characteristic in the design of the information serv ices might lead 
to poor information now that could cause system fa ilure. Proper des ign of in fo rmation 
services should allow bench scienti sts to receive high quality and timely information 
easil y. With a ri ch in format ion environment, it is necessary for systems des igners to 
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design infonnation services that allow bench scientists to effectively answer their 
analytical enquiries. 
8.10 Information Design Considerations 
This section describes infonnation design considerations for managing infonnation in 
the Bioinfonnatics Infonnation Space (BIS). BIS contains a high level of infonnation 
that could be used by the bench scientists in their bioinfonnatics work. With high 
infonnation content, there is a tendency to present too much infonnation to the 
infonnation workers. Hence, bench scientists need to process too much infonnation; a 
situation that could then face them with the problem known as information 
overloading. 
High infonnation content within BIS also means that there are many diverse types of 
data deposited in heterogeneous infonnation sources. Bench scientists need to collect 
diverse types ofinfonnation and interoperate a variety ofbioinfonnatics procedures in 
order to obtain specific results. However, in this kind of situation, they are faced with 
the problem of integrating diverse types of data while conducting their experimental 
work. The current study is proposing several solutions and suggestions in relation to 
effective infonnation design for managing and providing infonnation services to 
bench scientists undertaking the F AoGS process. These suggestions are proposed 
• 
based on the bioinfonnatics work domain analysis in previous chapters as well as the 
discussions found in this chapter. A summary of the recommendations for a solution 
is available in the subsequent chapter. 
8.10.1 Proposed Information Designs 
This subsection provides some infonnation design suggestions: 
• Typically, infonnation design focuses on the type of infonnation requirement 
or infonnation needs of infonnation workers. However, infonnation design for 
managing rich infonnation content should not only focus on infonnation requirement, 
rather, it also requires an understanding of the purpose or objectives, functions and 
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resources used during work activities (Albers 1998). This study shows the results of 
work domain analysis and the adaptation of an Abstraction Hierarchy (AH) as the 
modelling tool for representing the basic features of a work domain. The AH 
successfully provides descriptions and conceptualisations of the functional purposes, 
resources and functions of a work domain. Therefore, systems designers could use 
this hierarchy of abstractions and conceptualisations to understand the functional 
features of a work domain. 
• Understanding the functional purpose or objectives of information-driven 
activities like bioinformatics analysis could reveal the type of information needed and 
used by bench scientists. Bench scientists require information to fulfil the objectives 
of their work procedures. According to Yu et al. (2002), there are two criteria for 
useful information design which should 1) allow the design of an information 
representation based on the stated purposes and work situations of information 
workers, 2) provide information workers with information about the component or 
resources on which they could act. 
This study shows that adaptation of the information behaviour approach in the 
analysis of a work domain could support the identification of work situations. Within 
these identified work situations, it is possible for systems analysts to identify the 
various types of procedural activities undertaken by the bench scientists. To fulfil the 
objectives of each procedural activity, information workers search for appropriate, 
relevant and useful information. This would enable them to filter any unnecessary 
information presented to them. 
• Information design for work domains, which consist of a variety of work 
procedures, would need to take into account factors like the effective transmission of 
information and the time when information workers receive the information. 
Information workers need to use the right information at the right time and from the 
right channel of resources (Choo 2002). Designing information which. makes 
information workers unable to allocate appropriate resources could lead to them 
receiving incorrect information. Being unable to receive the right information 
indicates that the information workers do not receive the actual information output 
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they desire. This would lead to system failure due to possible errors in the decision-
making process and the instability of work systems. 
In this study, bioinformatics work situations have been presented in the form of the 
Process Recursion Model (PRM). Further diagnosis of bioinformatic procedural 
activities within each work situation would assist systems analysts in understanding 
the flow of information from one recursion level to another. Further decomposition of 
information flows represented at a high level could also help systems analysts to 
investigate information flows at a detailed level. 
• Designing information for work domains which are dynamic and adaptive 
requires some form of advanced and intelligent mechanism. Among the criteria for 
intelligent systems are: 
I} Being able to provide information workers with a high level of work situation 
awareness (Albers 1998). Intelligent systems could predict elements that could bring 
disturbances to the work performance. Analysing purpose-related work, together with 
understanding the situations in which bench scientists are using information could 
support the design of intelligent systems. In this study, VSM was adapted to 
investigate the work situation awareness of information workers. 
2} Being able to discover useful information. Intelligent systems should not only 
provide information workers with relevant information in response to their queries. 
These systems should support information workers in the discovery of useful 
information. 
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Chapter Nine 
Conclusions and Recommendations 
9.1 Introduction 
This section specifies the conclusions drawn from this research and the recommendations 
for supporting bioinformatics analysis work. Recommendations were made based on the 
limitations identified in the previous chapter. This chapter also points out the 
contributions of this research and makes suggestions for future work. 
9.2 Couclusions 
This research study attempts to hybridise three concepts (Work Domain Analysis, the 
Integrated Information Behaviour Model and the Viable System Model) for investigating 
the bioinformatics work setting for the Functional Analysis of Gene Sequence (FAoGS) 
process. 
The first aim of this study concerned the application of Work Domain Analysis and 
Information Behaviour approaches to the investigation of the bioinformatics work 
domain. To apply those concepts,the literature relating to the issues that could affect the 
work performance of the bench scientists was surveyed. Secondary data found through 
the literature survey have become the main material used for the development of the 
theoretical and conceptual framework of this study. 
One of the objectives of this study is to analyse the bioinformatics work domain in both 
the situation-independent and situation-dependent states. The application of Work 
Domain Analysis was to investigate the work domain in the situation-independent state. 
A key output from the analysis is the representation of the work domain in the format of 
an Abstraction Hierarchy (AH). This format represents bioinformatics work in five levels 
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of abstraction. These levels include: Functional Purpose, Abstract Functions, General 
Functions, Physical Functions and Resources. 
Each level is connected or linked to each other through why, what and how relationships, 
which produce the organisation of work in the form of a means-end structure. 
Interpretation of the AH representation reveals that this form of work structure is able to 
provide the functional features of bioinfonnatics work. It could be considered as a tool 
that produces a Functional Inventory Map of a work domain. The downsides of this 
representation are I) it does not provide information on any actions taken during 
bioinformatics work. Only assumptions about these actions could be made, 2) the AH 
representation is incapable of revealing the information flows within the organisation of 
bioinformatics work and 3) it is incapable of revealing the dynamic and adaptive nature 
of bench scientists' work activities. 
The main reason why the AH representation is incapable of revealing the information 
flows may lie in its inability to provide detailed descriptions relating to the processes and 
activities of the bench scientists. Therefore, the approach taken to identify processes and 
activities was to 'establish the information needs of the bench scientists. Identifying 
information need is also part of the objective of this study. To identify bench scientists' 
information needs, this study suggests that identification of the processes and activities of 
bioinformatics domain should be undertaken in a situation-dependent state. As such, the 
main process selected as the focus of this study was the Functional Analysis of Gene 
Sequence (FAoGS). The preliminary analysis of the situation-dependent state was done 
through the adaptation of Integrated Information Behaviour Model (IIBM). Analysis of 
the interview data revealed that adapting IIBM could assist in establishing the type of 
work situations faced by the bench scientists when undertaking bioinformatics work as 
part of the F AoGS process. 
Supported by a detailed investigation of the types of analytical enquiries defined by the 
bench scientists, the study reveals that it is possible to identify the procedural activities 
relevant to each work situation. At this stage, the work situations of the bench scientists 
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. are represented sequentially in the fonn of tables and categorised according to the 
purposes of the analytical enquiries. Using IIBM, the study discovers the types of 
infonnation which become the traits or characteristics for the measurement of work 
output. In addition, the application of IIBM also assists the study in discovering the 
possible states of infonnation use during bioinfonnatics analysis work. However, the 
procedural activities and each of the work situations were identified in a sequential and 
linear manner. This fonn of representation is considered. unsuitable for representing a 
work domain with dynamic characteristics, such as bioinfonnatics work. 
The second aim of this study then relates to the adaptation of VSM as a system-based 
approach for further analysing the bioinfonnatics work domain. Analysis of the 
bioinfonnatics work domain using VSM in diagnostic mode was also carried out in the 
situation-dependent state. In this dimension, the results obtained previously using IIBM, 
together with the interview data, became the main source for achieving the aims· and 
objectives of this study. Another objective of this study was to diagnose the viability of 
bioinfonnatics work activities in each ofthe identified recursive situations. To be able to 
diagnose the viability of these activities, the FAoGS process is considered as the main 
procedural activity ofbioinfonnatics work. Considering the dynamic and evolving nature 
of bioinfonnatics work, the study reveals that there are five work situations that bench 
scientists could encounter recursively. Identifying the transfonnation of a work situation 
from one recursion level to another was carried out by investigating the conditions for 
evolutions. Interpretation of the results obtained from adapting IIBM suggests that 
transfonnation of one work situation into another occurs when bench scientists are able to 
obtain appropriate results in each procedural activity. In each work situation, the 
conditions for obtaining appropriate results are described in tenns of the characteristics of 
the infonnation received by bench scientists when undertaking each procedural activity 
within that particular work situation. Transfonnation from one work situation to another 
at the next lower recursion level happens when bench scientists receive infonnation that 
fulfils the functional obj ectives of each procedure. At this stage, the infonnation received 
acts as a tenninating condition that stops any actions taken by the bench scientists in that 
particular situation. 
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This study also suggest that identifying the infonnation needs of the bench scientists in 
each work situation helps in establishing the type of infonnation required to fulfil the 
objectives of the work procedures. This also helps in revealing the state and the type of 
infonnation used by the bench scientists in order to achieve the ultimate aims of their 
experimental work. 
The third aim deals with investigating the viability of the procedural activities and the 
infonnation flows in the context of the FAoGS process. The use of a system-based 
method to investigate the procedures and information flow is one of the objectives of this 
study. To obtain a sufficient depth of analysis for this aim, the bioinfonnatics works 
domain was represented in the form of a process recursive structure. A model of this 
structure, known as the Process Recursion Model (PRM), was produced. The fonnation 
of PRM and step-by-step analysis of each work situation provides evidence that VSM 
could become a tool that helps in investigating the complexities of a work system. In this 
study, a detailed literature review of the issues within the bench scientists' infonnation 
environment acts as evidence for the complexities that exist when undertaking 
bioinformatics work as part of the F AoGS process. 
PRM provides a representation of recursive work situations in FAoGS. This form of 
representation could allow a step-by-step investigation of procedural activities in each of 
the work situations. To be able to perform this step-by-step analysis, this study produces 
a basic process structure for each recursion level. The purpose is to diagnose the viability 
of the bioinfonnatics work. From the basic process structure, this study reveals that 
bioinformatics analysis work for the FAoGS process is lacking in the functioning of 
System 4. This study also discovers that System 4 is incapable of providing or predicting 
future information that could give the bench scientists a greater awareness of any future-
based problematic work situations. 
One important aspect in the interpretation of the findings is to find out how bench 
scientists deal with problematic work situations. Currently, to deal with problematic work 
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situations, bench scientists need to repeat their experiments and use trial and error 
methods. The worst case scenario is when bench scientists encounter problematic work 
situations at the lower level of recursion. In this state, they need to repeat the experiments 
from the previous recursion level. This scenario could increase the time cost of 
undertaking their research work. Another important feature that was pivotal in the 
interpretation on the findings at each level of recursion was the actions of System S3* to 
introduce variety. The findings show that System 3* constantly tries to achieve Requisite 
Variety in order to reduce the variety of System 1. However, interpretations on the 
findings at each level of recursion indicate that System 3* of the work system is unable to 
monitor the negotiating process, at the lower level of recursion. Negotiating for 
appropriate information and resources for the activities at the lower level of recursion 
was done at the previous recursion level. The absence of System 4 shows that the 
adaptation of VSM could be enhanced by investigating the rules and the knowledge 
possessed by the bench scientists while undertaking routine procedures. 
To sum up, investigating the bioinformatics work domain using a system-based approach 
assists in identifying the inter-relationships between the work domain, which is 
represented in the form of PRM, and the basic process structures at each recursion level. 
The mapping of information flows at the higher level of representation shows the 
capability of the system-based approach to visualise the flow of information. Similarly, 
the approach shows its ability to map information-sharing among the work procedures in 
different work situations. 
From the above conclusions, there are issues within the Bioinformatics Information 
Space (BIS) that could affect the work performance of the bench scientists. Some 
solutions can be provided, particularly when designing intelligent systems that could 
support the bench scientists' work. 
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9.3 Recommendations 
The following recommendations have been developed for providing solutions and 
improving the process of undertaking bioinformatics analysis work. 
• To design information systems that could intelligently support the bioinformatics 
work. 
• To suggest and propose design considerations for the intelligent systems that 
support information access and information retrieval. 
• The information design considerations for the intelligent systems are that: 
1) system design should take into account the functional purpose or 
objectives of undertaking a work procedure on top of determining the 
information need of a bench scientist and the information requirements of 
a procedure. 
2) system design should include either classification or clusters of the 
information and resources used by the bench scientists. 
3) system design should include a search engine that could help bench 
scientists discover useful information and at the same time filter 
unnecessary information. 
4) system design should include mechanisms that could predict and detect 
problematic work situations. 
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9.4 Research Contributions 
The major contributions of this research can be summarised as follows: 
• This research study has provided a historical perspective on the literature relating 
to the development of biotechnologies and bioinformatics. 
• This research study has also provided a detailed review of the literature related to 
issues within bench scientists' information space, which could affect their work 
performance. 
• The research study has provided a detailed analysis of the bioinformatics work 
domain undertaken by bench scientists attached to the Molecular Biology and 
Biotechnology Departments of the University of Sheffield. 
• The research concepts applied in this study are one of its major strengths. It has 
adapted three concepts; Work Domain Analysis, the Integrated Information 
Behaviour Model and the Viable System Model to investigate the bioinformatics 
work domain. 
• This research study has represented the bioinformatics work domain in two types 
of format: an Abstraction Hierarchy and the Process Recursion Model. 
• The use of the Abstraction Hierarchy provides a functional inventory map of 
bioinformatics work. It provides functional information to researchers who are 
beginning to embark on research in the area ofbioinformatics. 
• This study also reveals several limitations in the representation of a complex 
domain, such as the medical domain, which are not mentioned by Miller (2004). 
Limitations of representing a complex work domain using an AH are I) it is 
unable to reveal the dynamic behaviour of the work domain and 2) it is unable to 
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reveal the information flows among the functional activities of the bioinformatics 
work domain. 
• The use of IIBM in this research study assists in determining the work situations 
of the bench scientists, the activities of bioinformatics work within a particular 
work situation and the information used by the bench scientists. 
• The use of VSM in this study is able to reveal the complexity of the 
bioinformatics work domain by showing the step-by-step evolution of 
bioinformatics work situations. 
• The use of VSM also enables the mapping of information flows at the higher level 
of bioinformatics work and the mapping of information-sharing among the work 
procedures in different work situations. 
• This study suggests some information system design considerations for 
supporting the work of bioinformatics analysis for the Functional Analysis of 
Gene Sequence (F AoGS) process. 
• To the best of the researcher's knowledge, it is the first study of its kind that 
hybridises three concepts (Work Domain Analysis, the Integrated Information 
Behaviour Model and the Viable System Model) to investigate and represent 
information-driven work such as bioinformatics analysis. 
9.5 Research Limitations 
Some of the limitations found in the research study are: 
• The case study data were gathered through interviewing techniques. Therefore, 
bench scientists may omit some important steps when explaining bioinformatics 
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procedures. The Process Recursive Model (PRM) may not be able to capture and 
represent these missing steps. Gathering case study data using interviewing 
techniques alone could lead to a systems analyst failing to capture important steps 
in bioinformatics analysis work. 
• The case study data were collected at one site, which is the University of 
Sheffield. It might be useful for follow-on work to compare the research 
procedures at this site with others in the UK and further afield, to gain an 
international comparison. 
• PRM was represented in accordance with the genetic information flow at the 
lowest level of abstraction, which is 'DNA -> RNA -> Protein' (Kanehisa, 2001). 
In addition, all the participants in this research study work at the sequence level 
rather than at the structural or systems biology levels. 
• The bioinformatics work domain was diagnosed based on bench scientists' 
routine procedures. Diagnosis was not made to fit the mental model or knowledge 
of the bench scientists. 
• The mapping of information flows represents the flow of information at a high 
level. In addition, the mapping of information-sharing only shows the part of the 
work procedures which shares the same information and resources in different 
work situations. 
9.6 Future Research Work 
This study reveals relevant findings relating to the procedural activities of bioinformatics 
analysis work, the bench scientists' information behaviour and the control and 
communication between bench scientists and their information environment when 
conducting bioinformatics procedural activities. 
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However, there are some research limitations to the current study which have been 
discussed in the previous section. These limitations give opportunities for the further 
exploration and improvement of this study. This section recommends that future research 
work related to this study should: 
• conduct an observation study on top of the interviewing technique to enhance 
primary data collection for the analysis of the bioinformatics work domain. This 
is because the current research focuses solely on the interviewing technique as the 
instrument for data collection. 
• include bioinformaticians as participants in an investigation of how their work is 
linked to support that of the bench scientists. This is because this research focuses 
solely on the bench scientists' work. 
• investigate the bioinformatics work domain through investigating bench 
scientists' work at other Universities in the UK. This could increase the number of 
participants, widen the scope of data analysis and increase the number of working 
patterns observed. 
• include bench scientists who are working at the structure and systems biology 
levels, in addition to those at the sequence level who have taken part in this work. 
This would mean that the procedural activities, the type of information and the 
resources used by the bench scientists would be more diverse and complex. The 
results of diagnosis at the higher level of abstraction could provide different 
solutions and recommendations for the design of integrated information 
management systems. 
• investigate, as another dimension of the data analysis, the mental models and 
knowledge used by bench scientists in conducting their work. This is because the 
analysis of the bioinformatics work domain has so far been restricted to 
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investigating the routines and experimental procedures of bioinformatics analysis 
work. 
• expand the adaptation of the VSM concept so that it includes knowledge 
management and transfer since it has so far been limited to the context of 
managing biological information based on bench scientists' routine procedures. 
• further investigate and evaluate issues that create an awareness and actions among 
bench scientists of their current work situation. 
• further investigate the information flows at a detailed level using other 
diagrammatic or modelling tools so that better solutions could be provided for 
information access and retrieval. 
• further investigate and evaluate issues relating to information-sharing by the 
bench scientists when conducting bioinformatics analysis work with the aim of 
providing improved information access and retrieval. 
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Appendix 
(A) 
The Permission Letter For An Interview Session 
Objective: This permission letter was sent to scientists at the University of Sheffield 
via email between 1 'tNovember 2004 to 19th November 2004. 
The purpose of this letter is to identify any scientists who would agree to 
participate in this research study. 
TO WHOM IT MAY CONCERN 
I am currently a doctoral research student in the Department of Information Science at 
, 
Loughborough University, under direct supervision of Professor Ron Summers, from the 
Health Informatics Research Group. I am intending to collect primary data and would 
need your kind participation to progress in this stage of my work. I'm forwarding this 
email to fmd out whether I could arrange an interview session with you. 
The aim of the interview would be to investigate the use of information by the scientists 
in there being numerous online databases and analytical tools available in the Internet. 
Any information produced from the interview session will remain confidential and will 
be anonymised. It will only be used as part of my study and will be destroyed after the 
study, in line with ethical guidelines in place at Loughborough University. 
I would be glad if you spare 45 minutes of your time to help me in my research. The date, 
time and place will be discussed once I have received your approval to indicate your 
participation, but will be delighted to fit in your normal working pattern. 
Should you wish to participate, please let me know of your availability in week 
commencing 22nd November, 2004 to 20th December, 2004. Could I ask you to respond 
to this email to indicate your willingness or not to participate in this study and I will be 
happy to share my findings with you on completion of the study. 
1 
I appreciate your consideration to participate in this study. If you have any queries, please 
do not hesitate to contact me through email ormysupervisoratr.summers@lboro.ac.uk. 
Thank you. 
Yours sincerely, 
Roliana Ibrahim, 
Research Student, 
Health Informatics Research Group (HIRG). 
2 
Appendix 
(8) 
The Confirmation Letter 
Objective: This confirmation letter was send to scientists who agree to participate in 
this research study. 
TO ............................. . 
Thank you for your reply. 
I really appreciate your willingness to participate in this study. May I confirm the 
following date and time for the interview session. 
Date: 
Time: 
Venue: 
Duration: 45 minutes 
I would like to know if I could tape record our conversation during the interview session. 
As mentioned in my previous email, the information gained from this interview will 
remain confidential and is used as part of my study only. Tapes will be destroyed in line 
with ethical guidelines in placed at Loughborough University. 
Kindly inform me before the interview sessions begins if you do not wish our 
conversation to be taped recorded. 
Thank you. 
Yours Sincerely, 
Roliana Ibrahim, 
Research Student, 
Health Informatics Research Groups (HIRG). 
1 
Appendix 
(C) 
The Interview Questions 
Participants: Research students at the Department of Biomedical Sciences, 
Department of Animal and Plant Sciences, Department of 
Molecular Biology and Biotechnology, University of Sheffield. 
Objective: To identify the functional purpose ofbioinformatics work 
1. Can you explain your research aims and objectives? 
2. How did you develop your research aims, objectives and hypothesis? 
3. What are the particular steps taken when developing research aims and 
objectives? 
4. How did ensure that your research aims and objectives are met? 
Objective: To identify the workflow of the bench scientists. These questions aim 
at gathering information related to the functional processes of the 
bench scientists. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
Why do you need to perform bioinformatics work? 
How and why bioinformatics work is important to your research? 
Do you have any standard procedures when_ you perform bioinformatics 
work? 
What are the steps or the processes perform in bioinformatics work? 
Do these processes require specific types of information? 
How do' you prepare information for a particular process? 
What information comes out at the end of this particular process? 
What process or tasks comes after this? 
What triggers this and the following process? 
Objective: To identify any work conditions established by the bench scientists 
when undertaking bioinformatics work. 
14. What happen after this? 
15. What happen if you are unable to obtain desired experimental results? 
16. How do you know that you have successfully obtained desired results? 
17. How do you know when you are finished with the tasks? 
Objective: To identify common bioinformatics resources use in bioinformatics 
work 
18. Which processes or tasks require you use databases or computational 
tools? 
19. What databases and tools were used? 
20. How do you come across with these databases and tools? 
21. What types of information do you have prior using the chosen databases 
and tools? 
22. 
23. 
Do you think that the current Web Sites where you choose the database 
are able to support your experimental work? 
How do you know that you have selected a reliable databases and tools to 
support your work? 
2 


